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SECTION I 


SUMMARY 


A high speed, low noise, high bypass ratio single-stage research fan with 
two booster stages and a variable-geometry inlet has been designed by the 
General Electric Company under the sponsorship of NASA (Contract No. NAS3- 
16813). This report, entitled Volume I - Aerodynamic Design, is one of three 
in a series of design reports for the advanced technology fan. It presents 
the aerodynamic design of this low radius-ratio fan and booster, and the aero- 
dynamic design of the inlet and bypass exit ducts suitable for an advanced 
transport aircraft engine. Other reports in this series include; Volume II - 
Structural Design and Volume III - Acoustic Design, which are References 1 
and 2, respectively. 

The fan and booster components are designed in a scale-model flow size 
convenient for testing with existing facility and vehicle hardware. The 2 
design corrected flow per unit annulus area at the fan face is 215 kg/sec m 
(44.0 Ibm/sec ft^) with a hub-tip ratio of 0.38 at the leading edge of the fan 
rotor. This results in an inlet corrected airflow of 117.9 kg/sec (259.9 Ibm/ 
sec) for the selected rotor tip diameter of 90.37 cm (35.58 in.). 

The flow splitter is located immediately downstream of the fan rotor 
separating the fan bypass flow from the core/booster flow. The design bypass 
ratio is 6:1. The design average total pressure ratio in the bypass duct 
downstream of the outlet guide vane is 1.80. The core flow has an average 
pressure ratio of 1.69 at Stator 1 exit and is supercharged by the two booster 
stages to a pressure ratio of 2.75. 

The design corrected rotor tip speed is 503 m/sec (1650 ft/sec) resulting 
in a tip relative Mach number of 1.64. The 44 medium-high aspect ratio (3.34) 
blades have an integral tip shroud to provide safe aeromechanical operation 
at all operating conditions. 

The axial spacing between the fan rotor trailing edge and the bypass out- 
let guide vanes is approximately two rotor tip chords to minimize fan noise 
generation. The axial spacing is 0.9 rotor hub chord lengths between the 
rotor hub trailing edge and the core inlet stator leading edge. 

The variable-geometry inlet is designed utilizing a combination of high 
throat Mach number and acoustic treatment in the inlet diffuser, for noise 
suppression (hybrid inlet). A variable fan exhaust nozzle was assumed in 
conjunction with the variable inlet throat area to limit the required area 
change of the inlet throat at approach and hence limit the overall diffusion 
and inlet length. The inlet selected from the design studies for construction 
has a length, with a flight lip, of approximately 1.4 fan diameters . The 
inlet forebody geometry is compatible with a cruise Mach number of 0.90 and 
consistent with an advanced transport aircraft. The actual hybrid test hard- 
ware utilized a modified be llmouth lip rather than a flight lip and the test 
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inlet with the bellmouth lip actually had a length of approximately 1.5 fan 
diameters. The purpose of the bellmouth was to simulate flight in-flow 
conditions during static testing. 

The fan exit duct design was primarily influenced by acoustic require- 
ments. The following acoustic requirements were specified: (1) total length 

of wall treatment, (2) a single splitter, (3) radial position of splitter and 
the axial location of its leading edge, (4) thickness of acoustic material, 
and (5) an objective of duct wall and splitter surface Mach number 0.35. 
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SECTION II 


INTRODUCTION 


Low noise and exhaust emissions and economical operation are the primary 
requirements for advanced transport aircraft. The successful development and 
acceptance of a subsonic, long-range transport for the next generation are 
greatly dependent upon technological improvements in the areas of fan aero- 
dynamics and acoustic suppression. To help provide this fan technology, the 
General Electric Company was contracted to design a high speed, low noise, 
single stage research fan with two booster stages (hereafter referred to as 
an advanced technology fan) , a variable inlet and an acoustically treated fan 
exit duct, all applicable for an advanced high bypass, low noise engine. To 
utilize existing hardware and facilities, the subject fan was designed to be 
half scale. 

Under a separate and earlier contract with NASA (Contract NAS 3-15544, 
References 3 and 4), parametric studies were performed to optimize the engine 
cycle for a typical advanced transport aircraft. Based on these studies, plus 
the current contract Statement of Work, an engine cycle was selected for an 
advanced transport designed to cruise between 0.85 and 0.90 Mach number. A 
fan pressure ratio of 1.8 to 1.9 and a bypass ratio of approximately 6:1 were 
desirable. Furthermore, it is desirable to raise the pressure ratio of the 
flow entering the core compressor to about 2.5 to 3.0 by the addition of 
booster stages. This then provides an overall cycle pressure ratio of 30:1 
or greater and still uses only a single-stage turbine to drive the high pres- 
sure compressor. Fan tip speeds of 488 to 518 m/sec (1600 to 1700 ft/sec) are 
required to achieve the desired pressure ratio in a single, low radius ratio 
stage with adequate stall margin. A high specific flow rate of 215 kg/sec m^ 
(44.0 Ibm/sec ft^) was chosen to minimize the fan diameter. 

The blade row spacing and vane-to-blade number ratio were other acoustic 
considerations incorporated in the design of the advanced technology fan. 

Since the rotor/stator interaction noise is reduced as both the vane/blade 
ratio and vane-blade spacing are increased, the number of core and bypass 
outlet guide vanes (OGV) and their distance from the fan rotor blades were 
selected as high as possible from an aerodynamic and mechanical standpoint. 

The number of OGV's selected was 90 in the bypass duct and 82 in the core duct 
for vane/blade ratios of 2.045 and 1.86, respectively. The rotor-bypass OGV 
spacing, in true rotor tip chords, was set at 2.06 and the rotor-core OGV 
spacing, in rotor hub chords , was 0.90. 

Another acoustic consideration employed in the aerodynamic design of the 
rotor blading was to have the shock "swallowed" at takeoff speed (92% of design 
speed) to reduce the multiple pure tone (MPT) noise level at this critical oper 
ating condition! 
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The variable-geometry inlet was designed with 36.4% throat area vari- 
ability relative to the cruise area position. This provides the capability 
to induce a relatively high throat Mach number (0.79) at approach, takeoff, 
and cutback to produce (in conjunction with the acoustic wall treatment) the 
required inlet suppression. A contoured inlet lip was designed for static 
testing with the demonstrator fan which will duplicate, during the static 
testing, the inlet velocity peak that would occur if this inlet was actually 
flown at the approach and takeoff conditions. The static-test inlet length that 
results (1.5 fan diameters) is an integration of mechanical, acoustic, and aero- 
dynamic considerations. 

The exhaust duct was aerodynamically designed to accommodate the acoustic 
considerations necessary to meet the ambitious noise goals for the system. 

Low surface Mach number requirements plus extensive acoustic treatment on the 
duct walls and on a splitter resulted in a large, long, unconventional flow- 
path. 

The present volume first discusses the aerodynamic design of the fan and 
booster stages, then the inlet design, and finally the fan exit duct design. 
Other reports in this series include: Volume II - Structural Design and 

Volume III - Acoustic Design, which are References 1 and 2, respectively. 

A visual representation of the overall program and report organization 
is shown on the following page. 






SECTION III 


FAN AND BOOSTER AERODYNAMIC DESIGN 


A. Design Parameters and Flowpath 

The significant aerodynamic parameters for the fan and booster are 
presented in Table I and their flowpath is presented in Figure 1* The flow- 
path coordinates of the fan and booster design are tabulated in Appendix A. 
Symbols are defijied either in each appendix or in Appendix F. Selection of 
the parameters in Table I is discussed below. 


Table I, Aerodynamic Design Parameters. 


Fan 

Corrected Tip Speed 

503 m/sec 


(1650 ft/sec) 

Corrected Airflow 

117.9 kg/sec 


(259.9 Ibm/sec) 

Inlet Specific Flow Rate 

215 kg/sec m^^ 


(44.0 Ibm/sec ft^) 

Predicted Stall Margin (Const. Speed) 

13% 

Objective Adiabatic Efficiency (Bypass) 

84% 

Bypass Pressure Ratio 

1.80 

Core Pressure Ratio 

1.69 

Bypass Ratio 

6.0 

Inlet Hub/Tip Ratio 

0.38 

Tip Diameter 

90.37 cm 


35 ,58 in. 

Rotor Aspect Ratio 

3.34 

OGV Aspect Ratio 

3.94 

Rotor Tip/Hub Solidity 

1.50/2.74 

OGV Tip /Hip Solidity 

1.37/2.05 
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Table I, Aerodynamic Design Parameters (concluded). 


Booster 

Corrected Tip Speed 

262 m/s'ec 


(858 ft/sec) 

Corrected Airflow (R2 Inlet) 

11 kg/sec 


(24.0 Ibm/sec) 

Pressure Ratio 

1.63 

Predicted Stall Margin (const, speed) 

13% 

Rotor Aspect Ratio (R2/R3) 

2.05/2,02 

Rotor Pitchline Solidity CR2/R3). 

1.27/1.35 

Stator Aspect Ratio (Sl/S2/S3) 

1.60/1.99/2.20 

Stator Pitchline Solidity (S1/S2/S3) 

1.52/1.79/1.69 


The inlet hub/tip radius ratio of 0.38 and the high specific flow rate 
of 215 kg/sec (44.0 Ibm/sec ft^) of inlet annulus area were selected to 
minimize the required fiin size an.d nacelle diameter. The low inlet radius 
ratio approaches the practical structural limit for tip shrouded rotor blades 
at the design tip speed of 503 m/sec (1650 ft/sec) using current titanium 
alloys. The integral tip shroud was chosen in preference to a part span 
shroud because of its lower aerodynamic penalty and possible benefits from 
an acoustic standpoint. A shroud is necessary to provide satisfactory aero- 
mechanical operation over the entire operating regime for blading aspect 
ratios compatible with low weight. 

The fan rotor inlet tip diameter of 90.37 centimeters (35,58 inches) was 
selected to permit the use of existing inlet and frame hardware. The selected 
diameter results in a design point corrected airflow of 117.9 kg/sec (259.9 
Ibm/sec.) . 

The flow is split immediately downstream of the rotor, dividing the 
bypass flow and the booster/core flow by the design bypass ratio of 6:1. 

A large axial spacing between the fan rotor and the bypass outlet stator 
vanes (approximately two rotor tip chords) was provided to minimize turbo- 
machinery noise generation. The bypass outlet stator vanes were swept 8.5 
degrees to provide a constant axial distance between their trailing edges and 
the swept leading edges of an existing stator casing and rear frame. (Utiliz- 
ing this existing hardware was later deemed impossible because the required 
rotor tip axial lengths were incompatible with it.) At their inner ends, the 
axial distance from the rotor trailing edge is also about two local rotor 
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chord lengths. The axial spacing between the rotor hub and the booster inlet 
stator is 0.9 rotor hub chord lengths. 

The increase in radius across the fan rotor hub was selected to provide 
a good balance between the Stator 1 hub inlet Mach number, the severity of 
the "gooseneck” required in the transition duct connecting the booster dis- 
charge and the core compressor inlet, and the amount of axial velocity drop 
across the fan rotor. The hub contour through the fan rotor was made slightly 
concave in the vicinity of the maximum blade blockage to reduce the peak 
meridional Mach number and to avoid large diffusion rates on the hub and the 
adjacent airfoil surfaces. 

The flow splitter was contoured similar to a NACA 65-209 airfoil section 
with the leading edge aligned to provide essentially a zero degree incidence 
angle relative to the design stagnation streamline. The upper surface fol- 
lowed the airfoil shape for approximately 75% chord or 7.6 cm (3 in.). Small 
departures from the 65-series airfoil were made on the lower surface of the 
splitter to improve the meridional Mach number distribution ahead of the 
stator. 

The hub flowpath through the booster stages was made nearly cylindrical 
to obtain as much hub blade speed as possible and still provide a reasonable 
transition duct. The booster outlet guide vanes were tilted aft eliminating 
any significant aerodynamic sweep. 

The radial variation of total pressure behind the fan rotor as a function 
of percent flow from the tip was specified as shoxra in Figure 2. The values 
of percent flow for this and other figures can be related to radius and per- 
cent immersion by referencing the tabulation of the circumferential-average 
flow solution appearing in Appendix B. The lower than average tip total pres- 
sure was specified to reduce the aerodynamic loading at the tip. The hub 
pressure ratio was limited by the maximum level of absolute Mach number 
(a 0.85) desired at the core stator inlet to avoid excessive stator losses. 

An average pressure ratio, behind the rotor, of 1.83 in the bypass portion 
and 1.73 in the core sector results. The radial variation of rotor adiabatic 
efficiency resulting from the input total pressure profile and assumed blade 
loss coefficients is also shown in Figure 2. 

The fan rotor total pressure loss coefficients used are shown in Figure 
3, as are the calculated diffusion factors. Preliminary test results of the 
lower aerodynamically loaded 488 m/sec (1600 ft/sec) tip speed stage of 
Reference 5 became available during the early design phase of the advanced 
technology fan. These very encouraging test results led to the selection of 
lower loss coefficients for the outer 50% span than those measured on the 
488 m/sec (1600 ft/sec) stage reported in Reference 6 and slightly lower 
than those measured on the 457 m/sec (1500 ft/sec) tip speed fan reported in 
Reference 7. The Reference 6 fan had a higher loading than the present design 
and was designed for a normal shock, rather than an oblique shock. Tlae 
rather large loss coefficients assumed for the lower 20% of the advanced 
technology fan blade stemmed from early concern for the effect of the higher 
than normal through-flow velocity in the hub region where the blade blockage 
is the greatest. 
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The booster rotor exit total pressure profiles were selected to be non- 
uniform radially with the highest pressure at the hub, as shown in Figure 4. 
This results in a higher velocity in the hub region, which tends to reduce the 
hub axial diffusion or aerodynamic loading on subsequent blade rows and steep- 
ens the slope of the hub characteristic when throttling. Accumulative 
adiabatic efficiency at the booster rotor exit stations is also shown in 
Figure 4. The split in total pressure ratio for the two booster rotors was 
determined from preliminary design studies which assessed the loading capa- 
bilities of each stage. Booster loss coefficients and diffusion factors for 
both rotors and stators were selected based on previous General Electric 
experience from similar designs and are shown in Figures 5 and 6. 

Booster stator 1 was set to reduce the fan hub exit whirl to 20 degrees 
at the tip and 16 degrees at the hub. The swirl exiting stator 2 is 13 
degrees at the tip and 9 degrees at the hub and subsequently is reduced to a 
radially constant 2 degrees at stator 3 exit. Leaving the small amount of 
swirl results in a small reduction of the aerodynamic loading on the last 
stator. The transition duct downstream of the booster contains long chord, 
fairly high solidity struts which are capable of removing the remaining 2 
degrees of swirl. These swirl angle distributions were specified to maintain 
equally balanced rotor-stator aerod 3 mamic loadings. 

The bypass OGV loss coefficients are consistent with previous test 
experience and with those calculated from an empirical loss model. These 
coefficients are presented in Figure 7 along with diffusion factors resulting 
from the final flow solution. 

The final design circumferential-average flow solution is tabulated in 
Appendix B. The calculated circumferential-average meridional Mach numbers 
and streamlines are superimposed on the fan flowpath in Figure 8. The high 

design specific flow rate chosen for the advanced technology fan leads to 

higher than usual meridional Mach numbers at the fan face. Also, the calcu- 
lated meridional Mach mmibers indicate that the rotor hub loss coefficients 
chosen earlier in the design process may be somewhat pessimistic since the 
accelerating wall curvature at the rotor hub exit causes the local Mach 
numbers to be higher than average thus resulting in less hub axial diffusion. 
The local hub flow aft of the rotor then diffuses somewhat as it approaches 
the core Stator 1. This was done intentionally to limit the absolute Mach 

number entering the stator. The peak meridional Mach number of 0.79 occurs 

at the fan rotor leading edge near the 65 percent design flow streamline. 

The calculation procedure utilized to obtain the circumferential-average 
flow solution is described next. 

B. Design Calculation Procedure 

Cycle studies resulted in selection of an optimum total -pressure ratio of 
1.8, a specific flow rate of 215 kg/sec m^ (44.0 Ibm/sec ft^) and a bypass 
ratio of 6.0 for the design of this advanced technology fan. The total flow 
of 117.9 kg/sec (259.9 Ibm/sec) was set such that existing hardware from 
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another advanced research program could be utilized with the selected rotor 
hub /tip radius ratio of 0.38. The fan and booster flowpath selection was 
influenced by the desire to reduce rotor/stator interaction noise and thiis 
the blade-to-vane spacing of two rotor tip chords in the outer portion and 
0.9 rotor hub chords (approximately) in the core portion was established. 

With the flowpath, flow rate and operating line total-pressure ratio now 
determined, the corrected rotor tip speed was calculated by an empirical 
correlation method consistent with the goal of 13% stall margin (constant 
speed). The total-pressure loss coefficients were selected as described in 
Section III. A, above. 

The General Electric Compressor Axisyrametric Flow Determination (CAFD) 
computer program was then employed to determine the circumferential-average 
aerodynamic design point flow properties for the advanced technology fan and 
booster vehicle. The calculation procedure of this program is outlined in 
detail in Reference 8 , Briefly, the flow solution is a radial equilibrium 
solution including the effects of streamline curvature together with gradients 
of enthalpy and entropy. The velocity vector diagrams and flow conditions for 
the fan and booster stages were calculated at several streamlines from tip to 
hub throughout the entire flowpath. The design streamlines are shown in 
Figure 8 . Calculation stations were used at the leading and trailing edges 
of each blade row and in the upstream and downstream duct areas to assure an 
accurate representation of the flow. In addition to the leading and trailing 
edge stations, ten equally spaced calculation stations were located within the 
fan rotor blade. The intrablade stations, although not included in the 
Appendix B tabulation, were included to improve the overall accuracy of the 
flow solution by accounting for detailed effects of blade blockage and radial 
blade forces as well as the chordwise energy input along each streamline. 

The location of all the calculation stations is shown in the cross-sectional 
view of the flowpath in Figure 9 . 

After the initial calculation pass, several iterations were made on the 
flowpath contour, loss coefficients and total-pressure distributions to 
exact the optimum aerodynamic loadings and velocity diagrams for the fan and 
booster blade rows. 

Inspection of the measured static pressure contours of rotor tip sections 
of high transonic Mach number stages such as is reported in Reference 6 shows 
that the chordwise distribution of energy addition through the rotor is 
dependent upon the speed and the degree of throttling. A linear distribution 
of rV 0 versus percent axial chord length was assumed for the tip streamline 
of the fan. This is generally consistent with observed test data for operation 
near the design point. Furthermore, the assumed distribution does not greatly 
influence the blade shape for a relatively high aspect ratio blade such as the 
advanced technology fan. For streamlines where the inlet Mach number is not 
greatly above 1 . 0 , it is believed that, the first quarter cycle of a sine 
curve more nearly represents the true axial distribution of energy input. 

Hence, the quarter sine wave distribution was assumed for streamlines 9 through 
12 (the hub region). A smooth variation of the rVg distribution was used 
between streamlines 1 and 9 with the 5th streamline being the mean distribu- 
tion. The distributions of xYq are shown in Figure 10. The losses were 
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distributed through the blade such that the blade efficiency varies linearly 
from the leading edge to the trailing edge at each streamline. 

Effective-area coefficients were used at all stations in the axisymmetric 
flow calculation to accoimt for annulus wall boundary layer displacement thick- 
ness and the wakes from upstream blade rows. At the stations through the fan 
blade, the blockage due to the presence of the rotor blades was also included, 
'fhe assumed axial distribution and level of effective area coefficients are 
shown in Figure 11. The coefficient value diminishes from 0.989 at the rotor 
leading edge to 0.965 at the trailing edge. It then diminishes to 0.940 
through the booster and to 0.955 at the fan OGV exit. 

G. Blade-to-Blade Flow Analysis 

The General Electric Transonic Unsteady Flow Cascade Analysis Program 
(TUFCAP) was employed to assist in determining the final blade profile shapes. 
This procedure was developed for the computation of inviscid transonic flow- 
through turbomachinery cascades. The procedure employs a finite difference 
solution to the time-dependent fluid dynamic equations. The steady-state 
solution is obtained asymptotically for large times as a transient solution 
of the flow field from an arbitrary initial condition. The procedure employs 
an "artificial viscosity" shock modeling scheme, whereby the shocks appear as 
rapid, but continuous changes in flow properties over an interval of two to 
four mesh spacings . This spreading of the shock is necessary to obtain a 
stable numerical procedure. The procedure includes the effect of streamtube 
convergence and the change in relative stagnation properties due to changes 
in streamline radius in a rotating coordinate system. 

Since the calculation procedure is inviscid, the effect of losses was 
taken into account in an approximate manner by modifications to the input 
streamtube thickness disti'ibution. 

D. Airfoil Design 

1. Fan Rotor Blade 

The fan rotor blade profile shapes were specifically tailored for each 
streamline section. In the outer portion of the blade, where the inlet Mach 
number is supersonic, the profiles were shaped so as to attempt to minimize 
shock losses. In the hub region where the relative Mach numbers are subsonic, 
profiles similar to a double-circular arc were used. 

The considerations which guide and influence the design of high transonic 
Mach Number cascades are presented and discussed in References 18, 8, and 9. 
Relative Mach Numbers at design for the advanced technology fan rotor are 
shown in Figure 12. For the blade inlet region, which establishes the maximum 
flow the cascade can pass, provided the throat is not limiting, the suction 
surface was offset a small amount from the "free-flow" streamline to account 
for the finite leading edge thickness bow-wave loss, and surface boundary layer 
growth. The flowfield which would exist if there were no disturbances of 
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blade forces defines the "free-flow" streamline. Figure 13 shows the location 
of the "free-flow" streamline relative to the blade suction surface for a 
streamline near the tip. The average angle which the "free-flow" streamline 
makes with the blade suction surface in the region ahead of the first captured 
Mach wave is the suction surface incidence angle, calculated in this case to 
be a negative 0.3 degrees. Other streamline sections in the tip region have 
comparably small negative suction surface incidence angles. These angles are 
in the order of magnitude of general practice since boundary layer growth 
along the suction surface will give an effective surface that is a negative 
incidence with respect to the physical blade surface. Other information shown 
in Figure 13 will be discussed in the following paragraphs. 

The passage throat area in the outer portion represents a compromise 
among the desires to have as small a throat area as possible to help achieve 
design speed efficiency, to provide sufficient throat area to assure a 
"started" mode of operation at takeoff speed (92% of design speed) and thusly 
to permit acceptable aerodynamic and acoustic performance at part-speed 
operating conditions. The fan rotor throat-to-capture area ratios were 
selected to give approximately 6% margin above the critical area ratio after 
allowances for losses equal to those of a normal shock at the upstream Mach 
number. The values of throat-to-capture area ratios are plotted versus inlet 
Mach number in Figure 14. The change in choke flow area that occurs along a 
streamline as a result of a change in radius in the rotating coordinate system 
is accounted for. It should be noted that for supersonic flow, the capture 
area is generally different from the mouth area as shown by the sketches in 
Figures 13 and 14. 

The throat location for the sections near the tip was positioned near 
the exit of the covered passage as it is expected that these sections will 
operate with an oblique leading edge shock drawn well back into the passage. 
The passage exit area was set as close to the throat value as practical while 
still satisfying conventional deviation angle rules. This was done to pre- 
vent reacceleration of supersonic flow from the throat to the passage exit and 
then incurring a stronger than necessary shock at the passage exit. 

The profile maximum thickness was located at 70% chord at the tip to 
facilitate positioning the throat well aft in the passage and to avoid accel- 
erating surface curvatures ahead of the anticipated location of the inter- 
section of the leading edge shock with the suction surface. In order to 

achieve this, the thickness in the leading edge region was maintained as thin 

as is structurally acceptable, then building to the maximum thickness at 70% 

chord and then thinning out rapidly in the last 30% chord. The point of maxi- 

mum thickness moves forward at lower radii until the hub streamlines (lower 
12.5% flow) are reached where the maximum thickness occurs at 50% chord. For 
these hub streamline sections, the thickness varies from leading edge to maxi- 
mum thickness according to a quarter sine wave distribution and then reverses 
in a mirror image from the point of maximum thickness to the trailing edge. 
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It is expected that the leading edge shock Cnot shown on Figures 13 and 
14) will become progressively less oblique for sections removed from the tip 
where, the inlet Mach number is smaller. Consequently, both the throat 
location and the point of maximum profile thickness move forward as the inlet 
Mach number decreases. For the lower part of the blade, the throat was located 
near the cascade mouth and a smooth, diverging passage area was provided for sub 
sonic diffusion from the throat to the exit. 

The blade trailing edge angle was established by applying a deviation 
angle to the circumferential-average relative flow angle at the blade exit. 

The deviation angle was calculated using a modified form of Carter's Rule for 
circular arc raeanlines and then adding an empirical adjustment. An equivalent 
two-dimensional cascade having the same circulation as the actual cascade was 
defined as presented in Reference 8. The deviation angle of the equivalent 
cascade was then calculated using Carter's Rule. The empirical adder is 
approximately zero in the outer half of the blade increasing to 6 degrees at 
the hub . 

The meanline incidence angles for the outer portion of the blade were 
largely determined by suction surface flow induction considerations. The 
incidence angles in the lower portion of the blade were selected consistent 
with past successful practice and were influenced by throat area considera- 
tions. 

The radial distribution of incidence angle, Carter's rule deviation angle 
and the adjusted deviation angle are shown in Figure 15. The resulting mean- 
line blade angles for all streamline sections are shown in Figure 16. 

The final blade shape for Streamline 2 (SL2) was shown in Figure 13. 

The free-f low streamline, the first captured Mach wave from the suction sur- 
face, the approximate suction surface Mach number, the passage area distribu- 
tion referenced to the mouth area and throat location are also shown. On 
the graph, the passage area distribution (Passage Area/Mouth Area) is read at 
the midpoint of the passage from the mouth (Area Ratio = 1.0) to the exit of 
the covered portion. The suction surface Mach number plot also superimposed 
in Figure 13 is read where the vertical scale intersects the suction surface 
of the blade. 

In order to establish operation with an oblique leading edge shock, the 
ratio of the contraction from the cascade mouth to the throat must not exceed 
the critical contraction ratio including normal shock losses at the mouth 
Mach number. The amount by which the passage area exceeds the limiting con- 
traction ratio is referred to as "starting margin". The mouth Mach number 
was obtained from a one-dimensional isentropic Mach number change in going 
from the inlet, or capture area, to the cascade mouth area. The change in 
streamtube contraction and the effect of a radius change in the rotating 
coordinate system were accounted for. The calculated internal contraction 
ratio for each streamline section is plotted versus mouth Mach number in 
Figure 17 . 
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To calculate the speed at which the blade is operating in a "started" 
condition, it was assumed that Streamline 5 (40% flow) was representative of 
the average of the portion of the blade which operates with supersonic inlet 
conditions at the design point. It was further assumed that the radial distri- 
bution of flow at the rotor inlet and the streamtube contraction remained the 
same at the design condition as when the stage is operated at part speed and 
sufficiently unthrottled such that Streamline 5 operates as its design flow 
coefficient, V^/U, and hence, at its design inlet air angle. It can only do 
this if the cascade throat is not limiting the flow. 

With these assumptions, V 2 is proportional to speed, and it is a simple 
calculation to define the inlet relative Mach number for Streamline 5 as a 
function of percent design speed. 

The design internal contraction ( throat- to-mouth area ratio) for Stream- 
line 5 is 0.9563 (Figure 17). For zero starting margin, a started mode of 
operation can theoretically be established at a mouth Mach number of 1.304. 

A cross plot of the calculated mouth Mach number as a function of percexit 
design speed indicates that Streamline 5 reaches this Mach number at 86.1% 
speed. However, bow-wave losses and blade boundary layer growth are not 
separately accounted for and margin allowances must be made. Experience 
with the other similar stages (Reference 6) indicates that these, and perhaps 
additional differences, require approximately 2% margin. If the throat-to- 
mouth area ratio is reduced 2%, this raises the mouth Mach number required to 
establish a started mode of operation to 1.39. This Mach number will occur 
at 92 . 6 % design speed or approximately takeoff speed, for the conditions 
assumed. 

A tabulation of the final blade camber, stagger and maximum thickness to 
chord ratio for manufacturing sections on a plane surface is contained in 
Appendix C. The blade and vane coordinates for several manufacturing sections 
are tabulated in Appendix D. 

The blade-to-blade flow analysis program (TUFCAP) , described in Section 
III C. above, was used to analyze the flowfield around preliminary blade 
sections for Streamlines 2 and 6. The results of this analysis were used as 
a guide in determining the final profile shapes. An isobar plot of the calcu- 
lated flowfield for Streamline 2 and the final blade section is presented in 
Figure 18. To approximately account for losses, the streamtube thickness 
distribution for Streamline 2 was reduced about 3% in the throat area and 
about 6.8% at the blade trailing edge. 

The calculated leading edge shock is quite weak followed by a much 
stronger, near-normal shock at the passage exit. > It is believed that the flow 
pattern shown is qualitatively correct, but it is expected that the actual 
blade will operate with a stronger leading edge shock and a less strong second 
shock. This trend has been observed for cases where both data from high 
response pressure pick-ups over the rotor tip and TUFCAP calculations have 
been available. The actual case very probably has regions of flow separation 
present as a result of shock boundary layer interactions which are not 
accounted for in the TUFCAP calculations. 
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The flowfxeld around a preliminary blade section of Streamline 2 was 
analyzed in the early stages of blade selection. This preliminary blade used 
a chordwise thickness distribution which was somewhat different from the final 
blade and also incorporated a modest amount of precompression ahead of the 
leading edge shock. The TUFCAP calculated surface Mach number shown in Figure 
19 , indicated a reacceleration of the flow on the pressure surface of the air- 
foil from about 1.25 Mach number near the leading edge to about 1.57 Mach 
number at the exit of the covered portion of the cascade. The flow then under- 
went a shock down to the discharge Mach number. 

For this preliminary blade, the precompression was accomplished by 
increasing the meanline angle aft of the first captured wave. This meanline 
angle change Introduced a surface angle change on the pressure surface at about 
15% chord as well as on the suction surface. Compression waves from the suc- 
tion surface raised the pressure on the pressure surface just downstream of 
the leading edge. The flow was then reaccelerated at about 15% chord by the 
pressure surface angle change previously described. The reexpansion was 
intensified by expansion waves emanating from the suction surface near the 
mouth of the cascade. The blade curvature in the region of the cascade mouth 
was necessary to avoid an unacceptably small throat. The final blade does 
not incorporate any significant external compression of the flow. Also, modi- 
fications- were made to the chordwise thickness distribution as a result of the 
TUFCAP analysis of the preliminary blade. 

A plot of the calculated surface Mach numbers for both the preliminary 
and final blade is shown in Figure 19. The calculation procedure matches the 
required exit static pressure; however, the calculated exit Mach number is 
higher than will exist since the TUFCAP solution does not include losses. 

TUFCAP calculations were also carried out for Streamline 6 (50% design 
stream function) . The surface Mach mombers for the preliminary and final 
airfoil design are shown in Figure 20. It is believed, however, that the 
differences between the calculated flowfield and the actual flowfield will 
be greater for this streamline than for Streamline 2, The TUFCAP solution 
indicated a quite weak leading edge shock with supersonic flow throughout the 
enclosed part of the cascade passage. A strong, near-normal shock then 
occurred at the exit of the covered portion. It is anticipated that the 
actual blade will operate with a much stronger leading edge shock with super- 
sonic diffusion downstream of the throat. It appears that, when the flow 
Mach number is not greatly larger than sonic, the inviscid TUFCAP solution 
predicts a supersonic flowfield under conditions where the actual flow, 
including losses and possible regions of separation, would be subsonic. 

2. Bypass Outlet Guide Vane (OGV) 

The bypass OGV airfoil sections are modified NACA 65^series thickness 
distributions on circular-arc meanlines. There are 90 vanes resulting in a 
vane-to-bla.de ratio slightly greater than 2 which is desirable from acoustic 
considerations. The vanes are moderately high aspect ratio (3.94) and have a 
solidity of 1.37 at the O.D. and 2.05 at the I.D. 
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The incidence angles were selected using NACA low-speed cascade data and 
other correlations as a guide. The design incidence angles are slightly 
smaller than the NACA low-speed cascade "design" Values. Throat margins for 
all streamlines were calculated to assure sufficient operating range on the 
choke side of the loss-incidence curve. 

Deviation angles were determined from Carter's Rule with no empirical 
adjustment. The incidence and deviation angles were defined in the projection 
which views the flow streamline cut looking down the tilted blade stacking axis 
and are shown in Figure 21. 

The airfoil sections and meanlines were defined normal to the tilted blade 
axis for manufacture. Pertinent vane geometry parameters are tabulated in 
Appendix C, along with a sketch orientation of airfoil sections relative to 
blade axis. 

3. Booster Rotors and Stator Vanes 

The booster rotor blade airfoil sections are modified NACA 65-series 
thickness distributions on circular-arc meanlines. The booster blade and 
vane aspect ratios and solidities were selected on the basis of pressure rise 
capacity as well as for mechanical considerations. 

Incidence angles were selected based on cascade correlations which 
include the effects of blade thickness and inlet Mach nuinber. The blade ends 
used a somewhat smaller incidence angle than indicated by the correlations 
in expectation that the local end wall flow angles will be larger than calcu- 
lated by the CAPD (reference Section III, B. above) since this calculation 
procedure assumed end-wall losses which were not intended to account for gross 
boundary layer separation and other end-wall effects. Choke checks were made 
to assure that there was adequate operating margin on the choke side of the 
loss-incidence angle curve. , 

The deviation angles were calculated using a modified version of Carter's 
Rule with a 3 degree empirical adjustment added to the hub. No adder was 
used outboard of the pitch line. 

The radial distributions of incidence angle and deviation angle are shown 
in Figure 22. The booster rotor blade camber, stagger, etc. for cylindrical 
sections are tabulated in Appendix C. These blades were laid out on cylindri- 
cal sections normal to the radial stacking axes. 

Stator 1 (fan hub stator) used a double- circular-arc airfoil while the 
remaining stators employ NACA 65-series thickness distributions on circular- 
arc meanlines. The stator vanes were laid out Similar to the booster rotors, 
i.e., on cylindrical sections normal to the radial stacking axes. The inci- 
dence and deviation angles were selected using the same procedures as for the 
rotors except that the additive factor to Carter's Rule deviation angle was 
somewhat different. 
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The radial variations of stator incidence angle and deviation angle are 
shown in Figure 23. The booster stator vane geometry is tabulated in Appendix 
C. All stator airfoil sections were laid out on cylindrical sections with the 
exception of stator 3. Stator 3 vanes were defined by flat plane sections 
normal to the tilted vane axis as shown in the sketch in Appendix C. 
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SECTION IV 

INLET AERODYNAMIC DESIGN 


A. Design Requirements and Flowpath 

A "hybrid" inlet design concept was chosen to meet the FAR 36-20 EPNdB 
noise objectives of the advanced technology fan. The "hybrid" concept refers 
to combining relatively high subsonic inlet throat Mach number and extensive 
acoustic suppression material on the inlet walls. Selection of this concept 
is described in detail in References 10 and 11. 

The specific acoustic design requirement called for a one-dimensional 
throat Mach number of Mjjj = 0.79* at takeoff, cutback, and approach. The 
corresponding length of treatment required on the inlet duct walls was equal 
to or less than the aerodynamic diffuser length required, and did not, there- 
fore control the inlet length. 

Table II summarizes the cycle parameters and the resulting inlet param- 
eters, as well as the fan nozzle area at each of the three acoustic design 
conditions (takeoff, cutback, and approach). The same information is pre- 
sented for cruise since it is the fan aerodynamic design point, as well as a 
very important performance operating condition. 

The exhaust nozzle area was chosen to be variable during earlier propul- 
sion system studies (Reference 10 and 11) , This variability makes the required 
inlet variations physically manageable, although the 36.4% throat area reduc- 
tion required at approach is still quite large. 

The desired Myn = 0.79 condition at approach power was attained by a 
combination of increased fan exhaust nozzle area (opened 40%) and reduced 
throat area (closed 36.4%). At cutback power MxH “ 0.79 was attained by in- 
creased fan exhaust nozzle area (opened 15%) , with the same throat area as 
takeoff, and high flowing the fan to match the takeoff corrected airflow. 

The inlet throat areas were determined as follows: 



w/e 


^R 

_ 5 _ 

1 


w/eT 

1 


6A 

TH 


One-dimensional throat Mach number means that the physical throat area was 
selected at each corrected inlet throat air flow to yield 0.79 from standard 
Mach tables. 
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Table II. Engine Cycle Parameters at Key Inlet 
Design Operating Conditions. 


Parameter 

Takeoff 

Cutback 

Cruise 


N//01 (%) 

92.0 

85.0 

100 . 0 

58.0 

) (kg/sec) 
5 1 

107.7 

107.7 

117.9 

81.5 

(Ib/sec) 

237.4 

237.4 

259.9 

179.7 

Wgyp (kg/sec) 

87.3 

87.3 

- 

75.5 

(lb /sec) 

192.5 

192.5 

— 

166.5 

PTbyp (N/m2) 

101.1 

101.1 

- 

122.5 

(psia) 

23.8 

23.8 

- 

17.8 

(” K) 

363.1 

363.1 

- 

320.2 

(° R) 

653.0 

653.0 

- 

575.9 


nominal 

open 

nominal 

open , 

28 


(nominal + 15%) 


(nominal + 40%) 


0.98 

0.98 

0.99 

0.96 

^TH 

0.998 

0.998 

0.998 

0.998 


0.79 

0.79 

0.695 

0.79 


0.457 

0.457 

0.532 

0.339 

(ft2) 

4.92 

4.92 

5.73 

3.65 
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where , in English 
units, for example; 


TH 


lb 


w/e 

6A 


85.377 

(1+.2 ^ sec ft^ 


The actual design of the demonstrator vehicle inlet centered around 3 
basic demonstration points - takeoff, cutback, and approach. The cruise 
geometry was not tested statically and was a requirement only in that the 
demonstrator hardware mechanical design for approach, takeoff and cutback 
was compatible with operation at cruise. 

After the inlet throat areas were determined, the overall inlet length 
was determined such that the shortest satisfactory diffuser length (as deter- 
mined in Section IVB, below) would be utilized between the inlet throat and 
fan entrance plane. The limiting configuration is that for the approach 
condition, which has the smallest throat area, and hence requires the longest 
diffuser length. The geometry from the inlet throat forward to the inlet 
leading edge or highlite was selected based on providing flow attachment at 
angles of attack up to 20 degrees. The external inlet contour was selected 
utilizing the data from Reference 12 and a desire to keep the drag divergence 
Mach number greater than 0.90. 

An inlet flowpath drawing is contained in Figure 24 and the internal 
area distributions for the three operating modes are contained in Figure 25 . 

B. Boundary Layer Separation Evaluations 

An assessment of boundary layer separation potential was obtained by 
several different methods. Figure 26 contains a separation analysis of the 
inlet for the takeoff and approach condition based on an empirical technique 
of Stratford and Beavers, modified for compressibility by General Electric 
(Reference 13) . This was accomplished by analyzing the cowl Wall pressure 
distribution obtained from a computerized streamtube curvature analysis of 
the flowfield. Based on this analysis, the inlet does not appear to be in 
danger of separating at either the approach or takeoff conditions. Discon- 
tinuities in the curves occur as a result of local flow accelerations and the 
fact that this analysis applied only in the regions of adverse pressure 
gradients . 

Figure 27 contains a Mach number and skin friction distribution along 
the cowl wall of the inlet at the approach condition, which is the most 
critical condition from a boundary layer separation standpoint. The proprietary 
General Electric Aero Boundary Layer program, which is similar to the boundary 
layer techniques described i-n Reference 14, was utilized to calculate the 
skin friction coefficient. A Cf of zero indicates the flow is at or near 
separation. The Cf distributions of Figure 27 reaches a value of zero approxi- 
mately 13 cm Upstream of the fan rotor and indicates a potential inlet diffuser 
separation. However, the separation would not cause large pressure fluctuations 
if it did occur since it is at the end of the diffusion process , This potential 
separation was not considered unfavorable for the following reasons: 
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(1) In the event of separation, the pressure fluctuations would not be 
severe and shouldn’t offer operational problems for a turbofan 
engine . 

(2) Past experience with the Aero Boundary Layer Program indicates that 
results are sometimes conservative i.e. separation is predicted 
and it does not occur. 

A third form of separation analysis consisted of plotting the cumulative 
diffuser area ratio and comparing it with conical diffuser experience. The 
results of this are contained in Figure 28, which was plotted from information 
in Reference 15 and indicate the diffuser is marginal at the approach condi- 
tion near the end of the diffuser exit which minimizes the amplitude of the 
pressure fluctuations in the event separation would occur. This method is 
considered to be the least precise of the three methods for assessing 
separation. 


None of the methods utilized accounts for the location of the acoustic 
treatment contained in the diffuser. The only criteria utilized in accounting 
for the treatment effects is to place it in regions where the local Mach 
number is less than 0.7. This approach was developed based on some unfavor- 
able results Boeing experienced during a scale-model sonic inlet effort where 
treatment was placed in regions of near-sonic velocity. (Reference 16). 

C . Inlet Recovery Evaluations 


Inlet recovery was estimated utilizing 2 basic techniques. 

The first method employs the integration of the differential equation for 
pressure loss in a one-dimensional axisymmetric flow with no total-temperature 
change, mass additions or internal drags. The resulting Fanno^line equation 
is : . 


dP'j; 




DH 


Integrating and evaluating between the inlet highlite and rotor leading 
edge yields ^ 


^Tc 


= (e) 


-2y f 

HigWitB 


M^Cfdx 

DH 


This equation was numerically integrated utilizing boundary layer com- 
puter program output. 

The second method utilized consisted of an area-weighted integration of 
the total pressure profile in the boundary layer. 
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1 > T(r) dr 

A J 

O 4-00 


•where : 


^T(r) 

^Tcx> 



Assuming 

• No radial pressure gradient exists at Station 1 

• ^(r) evaluated from "boundary layer velocity profile con- 

siderations 

A comparison of these results is contained in Table III and indicates 
that the inlet should operate at high recovery levels at takeoff and approach. 
These levels are somewhat higher than would actually occur since no mixing 
losses are accounted for. These recoveries are inconsistent with the pre- 
design estimates used in Table II, but this merely means that the design 
throat Mach number will be reached at a slightly lower fan speed and airflow. 
Incorporation of Table III results into slight contour adjustments of the in- 
let was not considered to be a meaningful iteration and therefore was not 
performed. 
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Table III. Flight Condition - Calculated Inlet Pressure Recovery 
at Important Flight Operating Conditions. 


Takeoff 


Cutback 


Recovery Level 
as determined by 
Method I (Fanno Line) 

0.9953 

0.9953 

Recovery Level as 
determined by 
Method II (Profile 
Integration) 

0.9930 

0.9930 


0.9956 


0.9928 














SECTION V 


[ 


FAN EXIT DUCT AERODYNAMIC DESIGN 


A. Design Requirements and Flowpath 

The fan exit duct design was primarily influenced by acoustics require- 
ments (Reference 2) . From these the following were specified: (1) total 

length of wall treatment, (2) a single splitter, (3) radial position of 
splitter and the axial location of its leading edge, (4) thickness of 
acoustic material, and (5) an objective of duct wall and splitter surface 
Mach number of 0 . 35 . 

Four basic cycle operating points were considered in the analysis and 
design of the advanced technology fan exit duct. The cycle information 
associated with these points - rakeoff, power cutback, cruise, and approach 
for the half-scale test vehicle was previously presented in Table II. 

Estimated temperature and pressure profiles entering the fan exit duct at the 
CGV exit (Station 12.9 on Figure 9), for the four operating points, are shown 
in Figure 29. 

The initial attempt at sizing the bypass duct considered cruise airflow, 
the specified (acoustic requirement) duct Mach number, and the fan exit 
profiles shown in Figure 29. For simplicity, the diffusion walls were made 
straight with circular-arc blends. The nozzle (which begins at 393.7 cm 
axial distance, see Figure 30) was sized using an estimated 2% AP’^/Pj loss, 
and was also made with straight walls for simplicity. 

This first trial geometry was analyzed using the General Electric poten- 
tial flow computer program (Stream Tube Curvature) linked to a boundary layer 
analysis program. This procedure was identical to that employed in the design 
of the inlet and is described as the first boundary layer analysis method 
in Section IVB of this report. The results showed a feasible location for 
the single acoustic splitter (2.18 cm thick) along one of the potential flov; 
Streamlines . ■ 

To maintain high performance of the splitter at large angle of attack 
variations caused by off-design fan exit profiles, a NACA series 64 leading 
edge contour was chosen. The splitter was defined using straight line conical 
and cylindrical sections to be consistent with the duct wall design, and 
incorporated circular-arc blends and a standard cubic contour trailing edge. 
The final design geometry is illustrated in Figure 30, while tabulated 
coordinates are presented in Appendix E. 

B . Results 

Initial analytical study with the potential flow program on the trial 
geometry for the cruise point revealed regions on the duct outer wall where 
the adverse pressure gradient was sufficient to cause separation. The outer 
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wall at the entrance to the diffuser section was modified with a rapid-turn 
corner which forces diffusion quickly over a short distance when the boundary 
layer has more energy, followed by a decreased diffusion rate (see Reference 
17). This method reduced boundary layer losses and avoided separation. 

The final results of the design analysis of the fan exit duct are pre- 
sented in Figures 31, 32, 33, and 34 for, the cruise-, takeoff-, power cut- 
back-, and approach -point operation, respectively. Each of these figures has 
four parts: (a) surface Mach number distribution, (b) surface static pres- 

sure distribution, (c) streamlines, and (d) a flow separation parameter. 

In order to high-flow the engine for engine cycle considerations, the 
conical convergent section of the nozzle was opened to approximately 15% and 
40% greater than the design cruise nominal area for the power cutback- 
and approach-point operations, respectively. This will also benefit inlet 
noise. The simple baseline geometry that was chosen allowed this variability 
without harming the flowfield. 

On Figure 31 (b) the sharp drop in the outer wall static pressure at a 
distance of 265.4 cm is typical of the rapid- turn corner employed. The sharp 
upward spike at this station and also at 281.9 cm is a characteristic of the 
potential flow program technique only, and not an actual flow phenomenon. 

From the separation parameter plots of Figures 31 - 34 (d) , marginal 
regions where possible separation might occur are noted, and indicated separ- 
ation occurs only at the trailing edge of the splitter. This wake separation 
occurs just ahead of the convergent area section of the nozzle and will decay 
rapidly. 

Total pressure losses were calculated using the boundary layer program 
referred to in Section VA above, and estimating the losses by: 


FTt P , a 

■^1 si 1 

^-There DRG is the body friction drag from the boundary layer program, 

Aj^ is the initial flow area and Pgj^ is the initial static pressure. Table IV 
gives the calculated pressure losses for the four operating points . 
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Table IV. Calculated Fan Exit Duct Pressure Losses, APi/P-j 
at Key Operating Conditions. 


Engine 

Power 

Lower Channel* 

Upper Channel** 

Total Loss 
AP'p/P'j 

To 393.7 cm 

Aft 393.7 cm 

To 393.7 cm 

Aft 393.7 cm 

Take Off 

0.00790 

0.00046 

0.00773 

0.00069 

1.7% 

Cruise 

0.00065 

0.00043 

0.00830 

0.00076 

1.6% 

Cut Back 

0.01290 

0.00050 

0.00913 

0.00081 

2.3% 

Approach 

0.01299 

0.00045 

0.00736 

0.00042 

2.1% 


* Lower Channel is considered the streamtube below the splitter. 

** Upper Channel is cppsidered the streamtube above the splitter. 















SECTION VI 


RESUME 


The aerodynamic design for a half-scale fan vehicle which would have 
application on an advanced transport aircraft is described. The single 
stage, low noise and advanced technology fan was designed to a pressure ratio 
of 1.8 at a tip speed of 503 m/sec (1650 ft/sec) . The design corrects'’ ‘^low 
per unit annulus area at the fan face is 215 kg/sec (44.0 Ibm/sec ft^) 

with a hub-tip ratio of 0.38. A flow splitter is located immediately down- 
stream of the fan rotor, separating the fan bypass flow from the core/booster 
flow for a design bypass ratio of 6:1. 

The variable-geometry inlet was designed utilizing a combination of high 
throat Mach and acoustic treatment in the inlet diffuser, for noise suppression 
(hybrid inlet). A variable fan exhaust nozzle was assumed in conjunction with 
the variable inlet throat area to limit the required area change and thus the 
overall diffusion and inlet length required. The final inlet design has a 
flight length of 1.4 fan diameters (although the test version of the hybrid 
inlet was 1.5 fan diameters long due to utilization of a bellmouth lip) . 

The fan exit duct design was primarily influenced by acoustic require- 
ments, including length of suppressor wall treatment; length, thickness and 
position on a duct splitter of additional suppressor treatment; and duct 
surface Mach numbers. 
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APPENDIX A, ADVANCED TECHNOLOGY FAN AND BOOSTER 


FLOWPATH COORDINATES 
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APPENDIX A NOMENCLATURE 


Z = Axial Distance 
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R 2 = Flow Splitter Radius, Bypass Duct 
Rg = Flow Splitter Radius, Core Duct 
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(2) Fan Rotor Exit 

(3) Core Stator 1 Inlet 
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(5) Core Rotor 2 Inlet 
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(8) Core Stator 2 Exit 

(9) Core Rotor 3 Inlet 

(10) Core Rotor 3 Exit 

(11) Core Stator 3 Inlet 

(12) Core Stator 3 Exit 

(13) Bypass OGV Inlet 

(14) Bypass OGV Exit 
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! 0 ' 5 i 


32,00 

? 7;68 


18, 42 (J.797 

3 I 13 XLi? 36 - 

2,34 0.557 


_HiAas„J 4 iBEL. 

0*^02 0"528 

I'l , 73 3 2.7 5 i.4_ 

0*599 
, 0 il 96 ,- 
0.547 


SL P5 1 RA DIUS PT TT TT- R |L^ P S___ T S R yO .PT /PTj TT /TTt ^rj; Bl^K AP E Sl 

1 0'257i, 26.1113 17,798 343t6o 33j,l9 i2,5(j4 3i2<74 1^2626 i.7566 1*19233 0'9p78 O'^SflOO 1 

2 0.8750 25,524 9 i7 ,742 343j_33 328,33 i2l 411 3iQ .H ..i:3?469 1.75io_l,l.?i47_ Di9o66__o,i?60QlL 2. 

3 3,9200 24.,o799 i7,6oo 3 42 ,89^ 323 . ’i li,577 3 q4.22 i; 32579 1.737Q 1,18993 0,0998 o.^^flOO 3 

llil6.5c| 22!5 7 i3 i7,4 59 3 42^13 3i9.8t i1j_q 28 30 0 + 32_i;Z79i9 1_,7210 til58 0J3„.Oi 8?25 H,?6 jd d 4 

5 1,0000 21,2052 17,326 342,06 3l6.09 10,727 596,26 i?25287 l.7ioo l<t87o3 0'3557 o>96op 5 


H ASS A VERAiIFD values 

Pt/Pt* 1'733'5 EFF 0'®98i R. i7,564 - 342'. 77 tt/tt* i*l8992 <^2 l84.53 

' CORR . FLOH '10 , 60 0 c5RR , RP h 9Z4i:s' ' 


















FAN AND BOOSTER STAGES n FINAL DESIGN 








station 1, 

60000 Z 3'.600000 

stator 

1 INL^T 

English units 

SE 

PSI 

RADIUS 

5! IMM 

PHI ALPHA BFTA H-Ars 

h-rel 

c 

W 

CZ U 

CU WU 

.JU 

1 

2 

0.5571 

0.5750 

10'2^>00 

10.0492 

0* 

12.1 

"Ston 5n 

-3,69 49 

'43 32, On 0.7o? 

,00 27,68 0.733 

0*520 

0.544 

817. 0 

849.0 

614.4 

629.4 

5i9.6 953.5 

556.5 932.0 

628,7 ”324,7 

64Qj,1 »291jJL. 

1 

2 

'3 

4 

0,9200 
0 > 9650 

97r8 23 
5,3563 

42,1 

73.4 

-0>77 47 

2,18 48 

'39 18,42 0.797 0.569 

1 24 Id, 13 0,836 n J566 

914,6 652,6 6l9.1 879,3 

9 5 3 1 2 6 45 .2. ■ - 634 ±2 S2i,9 

673.1 *206,2 

21Oj-0 1,113 ,4 

3 

4 

5 

1.0000 

. 8, 3000 

100.0 

5,00 50 

,5i 2,54 0.057 

0.547 

973.2 

621^0 

618.0 777.2 

749,9 "27.4 

5 

SL 

PSI 

RADIUS 

PT 

TT 

TT-REL PS 

TS 

Rho 

PT/PTI 

TT/TTI Err 

BLKA6E 

Si 

1 0’357i 

2 0.8750 

3 0,9200 

4 n»965c 

iOf 2^00 
10-.0492 

25,Bi4 

25,733 

6i5,T7 

618,00 

594.35 i3,57o 

_59g,99 i8jQ01.„. 

562.93 
556, 02 

0 0 8 9 0 4 
0^08707 

1.7566 
__ 1,7510 
1.7370 

-lf72i(L 

1 i 19239 0'7o73 o*76()00 

_1,19 i 47 o,9o 66 n,96o 0 

1 

2 

9,'4Bc3 

8,8563 

25,527 

25.292 

617,20 

503,03 16,792 

575.22 i5,994 

547.59 

540^58 

0.08277 
n’.’ 07986 

1.18993 0.8998 

_Jj1S8oo Oi 0?25 

0.96000 

.Oi96ooq 

3 

4 

5 

1.0000 

?,3aco 

25.130 

6l5,70 

568776 15,558 

536.87 

0^07822 

1.7100 

1.18703 0.8857 

0.96o;o 

5 


t 




HASS averaged Value 

S 





■ P 


1.7335 

EFF o*898i B, 2F.475 6l6.f 

C3RR. FLCH '23.370 ciRR. RPh 

’!:974n3 

,,.^1 1.1B952 CZ 

6o5.53 






FAN AND BOOSTED STAGES » FINAL DESiGM 





station 1,90000 Z 16:687033 sTATqR 

1 EXIT 


BSTRiq 

UNITS 

SL 

,.PSJ 

Radius 

X IHK 

PHI ALPHA 

BfTA M-ARR 

M-REL C 

U 

cz 

u 


&1 

1 

2 

5 t357i_' 
-JLi??5a_ 

25.7303 

25.23q9 

O' 

•='9 , 00 20.00 

•7.96 i9,47 

i’lfS 

49,96 0.539 n;786 i94;6 

265.6 

_283-9 

177.8 

181.9 

206.4 
P8n . 8 

64.7 •*221.7 

fit— 

1 

J 0.''200 

4 n, 965n 

5 i.uoao 

23. 9b 9 5 
22.6356 

42,5 

74,3 

-4. '55 i3.21 

^.Oi62 16^96 

47,12 0.556 

.0x57.0. 

0-775 200.3 

_TLi764 ^04.8 

0.7*2 212.4 

279.2 

• 274-5 

273.2 

i89.7 

195.9 

266.7 - • 

25l .9 

62.4 »2o4,3 

59.6 v^99.^> 

fi 

9 

4 

21.5646 

lOQ.O 

2.5q i6,00 

4i.“6 1,593 

204.0 

24o . 0 

58.5 aiai.s 

5 

SL_ 

PSl 

RADIUS 

PT 

TT TT- 

REL PS 

TS RNO 

PT/PTI 

TT/TTt 

FTP 

PI kage 

SL 

1 

C.6571 

23,7303 

17,390 

343,60 365.96 14.372 

325.38 1:53676 

1".7i63 

1,19233 

0.8674 

0 , y 5 6 0 0 

\ 

2,, 

._IU.^.75a- 

-25x23 G 9- 

17.336 

343i23 364 j6jj 1.4,267 324.46 1 ’.’531 77 

_1...7i58 

_ui9jl42 

Oj87ii 

n. 95600 

2 

0 

—1. 

0 .92U0 
_0_l7 65q_ 

23^9595 

17,254 

_x6,925_ 

342,05. 36l 

-1,42i33. ._35S 

./2 13,967 

.-4 . I3i579 

322.93 i;5o693 

321.45 1,47159 

1, 7 028 

1.18993 Oi9649 

0.95600 

3 

5 

l.OOUO 

21.5646 

16.667 

342,06 356 

.^5 13.141 

3l9.6o i’.'43245 

1.6449 

1.16703 

0.8l7o 

D^r?POu 

0.95600 

5 

— S.L,. 

P-SI_ 

-x-lELC 

_£Bt_RDH_ 

EELxI 0. 

UpZO .CZ/CZ .RnLDTY D-4Vr 

r*7 Am 



1 • 

■ 0.8S7x 

0 . 08l7i 

0.9771 


0..3l4 1.123 

1.4i95 2^,92qB 

494 i'5o 

333» 

3- r 

3a 

it 

gL., 

4 

— Z- 

_a.o/ao_ 

_IU7,Z9.? _ 

ax42-4_ 

-l!.34a-4,.07.3_ 

•1.4502.. 25 , 3779 

5l4i'62 


3l 



3 

0. Vi!03 

0,03/4/ 

0 .9803 

0,449 

U.4o'J 1,005 

1.5329 24.0197 

553,50 

369; 

04 


3 

4 

_fl.».§.65a_ 

_Oj..a5no3 

_0x9Zo6 

- Q-<J6_n _ Q . .~^9o 1 .nit 1 l6o8i 

*5 7-1 .’7R 





5 

1.0000 

0 > 0?936 

0,9620 

0,449 

U .356 1.083 

1.’9i74 21.4245 

579 , ’15 

381, 

i3L2 

93 


4 

5 


Pj/Pfl 1.6?02 


EFF 0'*537 
CORR, FI ew 


MAlS_AVESA5ED_yALU£S 

17.126 II 342.77 
_ifl.3Z2 cMr 97 4i : 3 L_ 


1.18952 OZ i9q.58 ?OhP^J/Pi1 0«979i 


FAN AND aoOSTE*^ STAGGS ^ FINAL DESIGN 





station 

1,90000 Z 6‘,570000 

stator 

1 EXIT 

ENSUSH units 

— :SL_ 

....PS I 

RADIUS 

X IMW 

_£MJ 

ALPHA RUTA H,ARR 

R.-SEL_ 

c 

u 

cz U RM Ull 

SL 

1 

0 • 85 7 1 

10-1300 

0- 

“9,00 

20,00 5l',27 0-529 

0-79o 

627 ’.6 

936.8 583.3 939.5 ?4?.S *7?7.9 

1 

- 2- 

~ilx8?_5o_ 

- 2jl?3,3jL 

12x0 

= 7;96 

19-4.7 4?;9.6.. Q.5.T9 

Oi786 



'3 

0*^200 

9,4^28 

423 

=>4,55 

18,21 47,12 0,556 

0-775 

657.0 61^9 622.3 8?4,9 pU;? -16^8. f" 

3 

A 

_CLi’65_(l 

8_,9ii6 

74,3 


16,96 44’,45 n.37n n.'764 

672'.! 

9nD,4 642.8 8?6,5 i96.0 "6313 . k 

4 

5 

I'DOOO 

' 8 .4^00 

IQO . 0 

2.5o 

l6,|)0 4li66 0-593 

0^762 

696~,9 

89614 669.3 787.4 l9i.? 095. r" 

5 

SI 

P51_ 

RADIUS 

PT 

TT 

TT-REl PS 

LS . 

Ry.0 

PT/PTf 

TT/tt ! prr ni xACp 

SL 

1 

0 1 8 5 7 1 

10» i300 

25-223 

6i8, 

47 658,74 2o,845 

585;69 

0- 096n6 

1-7i63 

1,19233 0-8674 o-?5603 

X 

2„ 

_. 0 _! 8 75X1. 

ix9344_ 

..25i218. 

^8i 

m__6.56o.28 20x6,9.3 

-591,06 fl:09563 

1 .7158 

i.i9i47 n, 871-1 n.956U!i 


3 

0-9200 

9»4323 

25-025 

6i7, 

20 651,09 20,287 

581.27 

0.'o9420 

1-7028 

1,18993 0,8649 n. 95600 

~3 

A.„ 

_0-i?65C, 

IxillA. 

__2Jj548. 

.616x2X1 646x09 19,694 

578,61 

n I'n9, 87 

,.67fl4 ..iBHnil n.Bl9fl n.ORAfii. 

4 

5 

1-0000 

8, 4?00 

24,174 

6i5, 

7q R42,15 i7,o6o 

575.28 

o:oS943 

1.6449 

l,l87o3 Oi0l7o 0-^5600 

_ 

Si_ 

££1_ 

- - t.plc 

_ER=CDW_ 

-.P.GL-T 

D CZ/C7 S-ilDTy 6-lVrt 



fit 

1 

0-8571 

0'08l7i 

0.9771 


0i4l4 0.3i4 1,123 

l-Al’S 

16-2050 

282,'37 

l9o,33 

1 

...2.. 

-GiBiao Qjoooai. 

0.9799 


— .0..424 .5,349 .1.X173 

.i;i509 

9.99^3 

293, ■'86 

197.75 

9 

3 

0.^200 

0.05/47 

0 1 9oo3 


0,449 0,4(30 1,005 

1,5329 

9.4566 

3l6,'o6 

210,73 

3 

4-, 

_-0t965,D QtD9CQ3^ 

_ax9?ot„ 


— QxA60_,g.39S _4.,013. , 

-I.X.6281 . 

.8.8990 

326i’io 

Pi 3 . 1 7 

4 

5 

1.0000 

0.07786 

0.9o20 


0,449 0.366 1.083 

i:7i74 

8,4350 

330, '70 

2l3,09 

5 

aAiS_AVERACEC VALUES 

I' 


1-6V02 

EFF 0,8537 P. 
— Ci3SP-,_LL0JJ 

T 24,840 r. 6X6.99 . 

23.968 C^RR. REh 9J4iii 

yy! i'. 18952 Cz 

625.26 ?0y P.f2/Pyl 0.9T51 



FAN ANO BOOSTE’^ 3T*QES « FINAL DSSJQN 


station 2,30000' 


Z l7.27n03A 


ROtOR 


2 TNL^T 


HETRIC units 


-SL 

PS I 

RADIUS 

X IMM 

P«1 

alpha 

seta M-ASq h.rel 

C 

U 

CZ 

U 

fill 

UIJ 

SL 

1 

0.8571 

25.6312 

0. 

*10.70 

19,27 

49,35 3,554 0.805 

200.0 

290.4 

185.8 

285.3 

65,0 

'220.3 

1 

2 

0.8750 

25.1450 

12.0 

-6.75 

_JL^77 

48,5a 3.563 0 ; 8J)1_ 

_202..,L_ 

?B8l6 

189.9 

279.9 

64 19 

•215, 3_ 

2 

3 

0.9200 

23 .9080 

42.4 

• 5 .-53 

i7.52 ^ 

457^ 0*581 07792 

208 . 6 

28417 

l98.i 

266.1 

62,9 

*2o3.6 

3 

4 

o.965r> 

_i2j.il9i_ 

74, 

rli,42_ 

16.45 

41147 n .989 .-1.778 

1 3 279.i_ 

?n?. 5 

_25tj,8 

99j8_ 

•l9p.p 

4 

5 

l.QOOO 

21 .5646 

lOO'O 

2 1 5q 

1S,84 

4i;J6 0.599 0.767 

214.5 

274.8 

205.2 

240*0 

38.9 

3i3i*5 

5 


SL 

PS I 

RADIUS 

PT 

TT 

TT-REL P3 TS RHO 

PT7PTI 

TI/TTI_ 

_ _ EFF_ _ 

BLKASE 

SL 

1 

.2 

0'857i 

0.875c 

25 >6312 
25^1.4^ 

i7.3"^ 

17,386 

343,60 

343.33 

365.65 

364,31 

14,113 323.69 i.-5iB86 

14j,Q23 322,38 i?5i3qD 

1*7i63 1.i9233 

117158 I.i9i47 

0,8674 0 * ?5600 

0.8711 0.95600 

1 ‘ 

2 

3 

4 

0*9200 

u,965o 

23790 80 

22.6i94 

17.254 

16,923 

342,87“ 

342,33 

361.-56 

358,89 

13,?32 321.24 i;48922 

13,393 320'.12 1745638 

1.7o28 
1 ,67(14 

1,16993 

l.l88fla 

0.8649 

JLl8398 

0.95600 

0.95600 

8 

4 

5 

1*0000 

21,5645 

16.667 

342.06 

356775 

13.o78 319.16 1V4275D 

1 . 6449 

l,l87o.5 

0.8l70 

0.956l0 

5 

! ^ ^ BASS AVERAficn VALUES _ . _ 

P 

T/PtI 

1*69o2 

EFF 0*8537 S, 
CORR. FLQH '-10, 

i7.12^ 
■ 972 

II 342.77 1.18952 CZ 

rOlTR. RPh 974413" CORRl U-TIP 

l97.7o 
_26JUA 





FAN ANO HOOSTeH STAQES - FINAL DESIGN 





station 

2.00000 Z 6.AOOOOO 

ROTOR 

2 inlet 


ENGLISH 

UNITS 

SL 

PSj 

RADIUS 

X IHM 

PHI 

alpha 

3cTA M-ABS_M-REl 


H 

CZ 

U 

BU 

HU 

SL 

*1 

2 

0*8571 

0*8750 


0* 

12 . 0 

"10.70 

*■6.75 

i9.27 

13.77 

49'.35 0.554 0*8o5 656.1 952.'6 

48,38 0,56.1 n.'SOi 665'. 1 945,8 

6o9.7 
623.1 

955.9 

9l8,2 

2<3.1 

211.5 

'722.8 

_j7o6ut 

1 

2 

3 

4 

0.9200 

~9.4126 

8.9q55 

42,4 

74,1 

-5,53 
*=2 . 42 

17.52 

16,45 

45, 73 0*58i 0*7^2 

43.47 0.539 n.77a 

684.3 933.9 

_693,2 9l5,8 __ 

649.8 

664.2 

373.0 
826. n 

205.2 
1.96, 2_ 

fi667.a 
1629. a 

3 

4 

5 

l.QOOO 

8 i 49oo 

100*0 

2v5o 

15,84 

41,36 0*599 0^-767 

70 3*8 

9oi:7 

676.6 

•787.4 

191.9 

8595.5 

5 

SL 

.°Si 

RADIUS 

PT 

TT 

TT-RfcL PS TS 

R4O 

pt/pti tt/tti 

BFF 

- SkKAGE 

SL 

1 

^ f 7 ^ 

lOJO’lO 

25*223 

618,47 

659. 

.'17 2J. 469 582*65 

0 . q9482 

1 . ?i63 

1 * i9239 

0 1 6ft74 

n.956c!0 

1 

2 

0 • 8 ? 5 0 

5,8995 

25,216 

619,ocL_ 655, 

L^O 20i339 . 531,19 

6709446 

1. 7i58_ 

-Xi19i47 

0.8711 

n .956 'o 

2 

3 

0*9200 

~9.4i26 

25.028 

6 17,20 

65o. 

|?1 I’.’l'A 576,23 

0709297 

1.7o28 

1, 18993 

0,8649 

0.95600 

3 

4 

Q-965Q 

8,9o53 

24,548 

6i6j_2j1 

646. 

iUl 19.410 576.21 

0l09092 

1.6704 1.18800 0.8398 

n. 956^0 

4 

5 

1.0000 

8,4530 

24,174 

6l5,7o 

042 . 

,15 iA.763 574.48 

0:08912 

1.6449 

1,18703 

0,8i7o 

0,95600 

5 


■ ^ lASS^AVEf^AfjeOA'.UcS _ . 

Py/P,! TTfiToa 0'S:>37 ZA.SAO 616.99 l'.l8952 Cz 6 a8.63 

' — . £om._lLO!i LiiiuAi cMi^ RPB . uRbuu^Hp asa.j 


if:' 

CO 


. 1 . 






FAN AND 900STEN STAQCS n FINAL DESIGN 


-.Di 87 . 5 C_DjM^lJ 1.7765 2 6 . 46 - ii.j 65 

0.9200 0.02795 1,2&7A 26,67 0^367 

JU9 6b Q_. n.03 17 9 __xj. 32 6 B Ji) j o 3 n.5 6 ±_ 

1.0000 o.0766b 1,3767 35.41 0»4ll 


,43 7,' 7:4 350 ,*59. 


Jx3ll_JJ, 989 ..j..2ibq_ 24.9921^ 

0,330 0.90.3 i.‘ 2688 23.799B 45o.‘58 332*84 

-0x327 — 1,1.010 i;336.3__22j. 5663 5m, 34 3i5x6n .. . 

0.296 1.027 i,'4oo3 21.5646 5.97,85 273*13 0^859 i,l3=' 


0.651 
0.679 
0.744 

Jli 8 o 4 


0,771 
n ,961 


f’j/Pjl 


2.2073 


EFF 0.8783 
£QB-B,.... F L,Qa. 


3t 22.365 
0^6 


■M A^s AV FR A a PH VALUSS 

37i>44 TT^tt^ 


iMa 





STATION 2,50000 _Z I9;g24637 

ROTOR 

2 EXIT 


hgtrio 

UNITS 

._SL.. 

PS! 

RADIUS 

X IMH 

PHI AL.'»HA 

3cTA r1-AB3 H-RPI 

c 

w 

cz 

u 



1 

'0.857i 

-jijI7Sn_ 

25', 2883 
_24.33?i_ 

0 - 

--. 12>1 _ 

'10.7(5 4i,36 

llibaz 4.Bj.7j__ 

32.55 0-675 0'602 

3i. 46 n .673 n.6n4 

249,4 
bSn ; 1 

222*7 

-222*8 

185.3 

187.8 

88i,5 

2’6.5 

163.x - 118.3 

1 

2 

3 

4 

0.9200 

_fl*9.65j}_ 

23.69i7 

?2.5i32 

42,9 

74.5 

•8,.j6 4o,23 

-:l4-;7j5 41j.12_ 

26 ’, 94 0,697 0'59O 256,5 

— Lil’j ai745 n.59i 573.3 

220*1 

2X6.9 

i94.7 

2n4.6 

263.7 
25 n • 6 

164.7 -99 . 0 

3 

4 

5 

I'OOOO 

21 ■. 5,64 6 

100*0 

-3,5(5 4 4,3o 

3,^3 o.8q9 0.587 

296.3 

214.8 

211.8 

24o<0 

2q6.7 - 33.3 

5 

_SL. 

RSI_ 

—BAB IBs 

PT 

TT TT- 

REL PS TS 

Rro 

PT/PTI 

TT/TTt 

prr 

RLKARP 

sl ■ 

i 

2- 


22*253 

_22i1.92 

37ot86 364 

369.81 363 

t'^7 i6.4o2 3 . 39 . 9q 

±39 _i6.3i4 338.6b 

l'.‘6Bno 

-X>'678(54 

2- 1962 1.26698 

2,i902 1.28336 

0.8733 0.95200 

n.886i n.95Pon 

1 

2 

0 0"’'200 2'5t = ’'l/ 

1 -JJ . ? 6 5 5_2 ,2 J.5 1 32_ 

22.212 

22.456 

22.946 

369. 5o 36 q 

372i37 353 

.’3 l6,o53 336.81 

. 8Q- 15,539 ^ 335 ; ia_ 

1,‘66036 

1^6i5q3 

2.1922 1,28240 0.8899 0.95200 

2i 2162 1,29222 0.8736 o;95200 

3 

4 


1 • UQgu 

HI 

3 //, *16 3b6,/5 14.920 333.78 

lV557i9 

2.2646 

1.30991 

0.8489 

0.952^0 

5 

.■_S„L„ 

P6I 

ft . aq7i 

TPLC 

PH-HOW 

.. . -5 7 Q /* 

oel-t q 

OP7Q C7/C7 SflLDTY 


r-TAN 

F-A3L FlCOFF T,.COEr 

SL 


1.28950 CZ 197.24 ^Ow P^^/P^l 1.3059 


FAN AND flOOSTE^f STAQgS n FINAL DESIGN 





STATION 

2,50000 z 7;4900 oO 

Rotor 

2 EXIT 

enquish 

UNITS 

- SL 

PSl 

radius 

X IMH 

PHI 

ALPHA BPTA M-ABS M-Rg| 

c 

U 

C7 

u cu uu 

Si 

L 

2 

0 iflS’l 
Q 1 875(1 

9,956o 

9.7792 

0 . 

— 1 . 2 .. 1 

•’10.70 

tiq.:a 2 

41.36 32155 o,'675 0-602 

40.7i__J5x;46 0.,67A.. Q.6Q4_ 

81 a , 2 
82o,5 

730*5 

60fi 

.1 923.4 535.5 *388,, 

?!, 

1 

0 o»^zua 
J O.L?.4iD_ 

9.3274 
6,3634 

A2.9 

74.5 

« 6 ; 06 
_r-A l?a 

40.23 26;94 y.697 0--598 

- 43-^6 2— 13 j 9j Oj 7.4 3 0 . 59 i 

84i,6 

_J596.8 

722^2 
7 1 1 . ^ 

636 

^7i 

xU- fb/iu siJuil fci 3 7 0 t 9 _ 

.8 865.1 540.4 1324^7 

2 

3 


X » u u u u 

S « 3 Q 

130.0 

■3 . 5fl 

44,30 0,93 o.SqO c-587 

972,0 

7o4.a 

695 

!-£ 944.1 2.Ij;, 4 itZTxS. 

.0 787.4 678,2 Tlo’.a 

5 

_SL 

PSJ_ 

RADIUS 

PT 

TT 

TT-Rei. PS TS 

RhO 

PT/PT1 

TT/TTf err oiiy.se 

Cj 

1 

3 ' 

A 

0'O5/l 

_!L.0?5ji. 

U-9203 

-Jl-.V65r 

9(956j 
9,7793 

02.2/3 

32.168 

667»54 
665x6s 

656,23 23.79a 611.82 o'.lo495 

65ixl0 „23x66l 6 q 9,63 n.'ln47b 

2-i 962 1,26693 o<87B3 0.’5200 

_ 2.1902 1.28336 n. 8 A 6 i n.95siin 

«L 

1 

32^4 

9_j_36i4_ 

32.216 

_J^5p9. 

665i21 

..97 0 x ^6 

649.07 23,232 606.26 

645j42 22j537_. 003.33 

0'.'lo366 
.0,‘10D83_ 
0 . ‘09722 

2-1922 

1.26248 0.8899 o-’5a90 

s 

5 

I’OOOO 

8|A9o] 

33.281 

679,43 

642,15 21,63? 600.80 

2.2646 

— iLtSZvO n 9^7200 

1.3o99i 0.8489 0.95201) 

4 

5 

-..SL 

PS I 

tplc 

PH-RQM 

DP 1 ,T 

— L__i£ 2 a ci/C 7 sni.DTy 

R"AVG 

f-tan 




1 

2 _ 

0 ■ 857i 
niB75a 

0.05P2O l!2/96 

fi,0454i 1.5765 

■if.o' 0^.374 0.3o 5 0,99? i;i657 

l(j'0235 

..-9i8394_ 

254,03 


2o®,33 0.65J 0'6?1 

SL 

1 

3 

0.9200 0.02V95 

_ila 9ft 5a ( 1,0 3 479 

1.2874"' 

-U3?68_ 

43,01 
54 . 06 
63,73 

K y . j X* U . » J. . 4 1 U a_ 

0.367 0.333 0.983 1,2688 

0Ll38 4__0j 327 iQ 1 ^3 393 

249 ,96 


. 200 . 2 D.. 0.679 n,699 

2 

-4_ 

e 

9. 37oO 
8.8644 

257 ; 29 

99 1 ,’ 4i 


190,06 0.744 0*771 

l 8 n.?l n.8n4 n.9A] 

3 


X * uuuw 

g » U ' 

1 1 3767 

0,411 0,296 1.027 i?4003 

8.49qo 

341 ,’39 


155,;?6 0.859 1,23? 

5 


Pt^T^ 2.20^3 


EFF o <8783 
GONR . FlCN 


32 .A 3 “ 


JlA3^_M£RAGtD,JALUES 




:M3^ 




Pt2/Pt1 


1«305» 


Q 


FAN AND BOOSTED STAGES i FINAL DgSiGW 




• 

station 

2,60000 Z 

1?'.685039 

stator 

2 INL^T “ 

HETRIC units 

SL 

P-Sl 

RADIUS 

X TMH 

PHI 

ALPHA 

0PT* M-Aas _H-REl_ _ 

c 

w 

CZ U 

eu uu 

SL 

1 

3,35/1 

25.i6i3 

0> 

•'10.70 

40.67 

3i;ai 

n;689 

Q.613 

254.2 

226.3 

i9q.8 ZSq.o 

164.0 TllB.i 

1 

2 .. 

0.B750 

B4.7i9i 

12.2 

"10.31 

39.95 

3nll9 

0.693 _n.6l6 

?5s;3 

-227 .Jl 

l93,8 375.1 

162.4 »ll2.fl 

2 

3 

0*9200 

23.5963 

43.1 

«8,45 

'39.14 

25;57 

0*^l9 

o’* 620 

263,8 

227:3 

203.2 263.6 

1 55 , 4 "97 ,9 

3 

4 U.965n 

__21j4487 

74,6 

“6 . 46 

40,17 


B.77,i_ nj'619 

28.1 f 6 

226.5 21 4. 4 249.9 

i8i,n "es.ft 

4 

5 

1.0000 

21.5265 

100.0 

»4 , 00 

43,05 

8i34 

0.832 

6'6l5 

303.8 

224.6 

221.7 239,6 

2o7.1 "32.5 

5 

SL ■ 

PLI_ 

RADIUS 

PT 

TT 

TT-i 

REL 

PS 

TS 

_Rti0 

■ ■ PT/PTl 

.TT/TT! EFF 

BLKAQE 

SL 

1 

fl.B57i 

25.i6i3 

22.253 

37o,B6 

364 

, 18 16 

.201 

338. 7o 

1. ’66632 

2 .19 62 

1,28693 0.8783 

i 0*95200 

1 

2- 

. iLiOTSO, 


2?l192 

369,81 

363 

lU2. . 1 6, d53 

-J337 ,38 

.,l,'66i92_ 

_2. 19 D2_ 1.28336 0. 8fi6l._.-n.?524Q _ 

2 

3 

0.9200 

23.59.63 

22.212 

369,56 

36o 

.P3 i5 

.742 

334.9a 

1:63735 

2.1922 

1.28248 0*8894 

> 0*95200 

3 

4 

_0*9 95(l 

22.4487 

22,456 

372,37 

35a 

,4p 15 

xi7a 

_332.39 _,?5S756 

2.2162 

1.29222 fl.8736 J1,952BD 

4 

5 

1.0000 

21,5265 

22.946 

377,46 

356 

^4 

,572 

531,54 

lf53l21 

2.2646 

1,30991 0.848? 

’ 0.95200 

5 



t 




HASS 

merasei! Values 





p 

7/PtJ 

2.2073 

EFF 0'*^93 R, 


37i;, 

Tt7tt* 1.28900 CZ 

2o5,63 




£3 M >-,fL Sa L.-. J -a«.i 6 6 cisa,-BPil__9 3 i i I2IL 


FAN AND BOOSTED ST*QES - FINAL D5S1Q!< 

station 2,60000 Z 7175U000 sTaTOR 2 TmTSt EkOLISH UNJTS 


S L PSl RADIUS X INN PHI ALPHA BPTA ‘IAARS M«RE 1. C W CZ U Wy Si, 

~1 0'*fl57l 9.9 o6o 0. ”10'7o An,67 3li3i q« 689 0'813 S33>9 742l3 626,1 ?l8 .B 538.0 738(j,b 1 

_2 0.B 750 ^.7319 12,2 "10 .31 3 9.95 11 . 1? (1 .693 ft.616 63 7.5 7 A<‘.7 _£,Z5l^ gjl2j.6 532 jI J32 0i_(, 2. 

■3 (Jr92yo 972899 aTTi »6.45 39, i4 0.7i9 o-62o 865.3 745.8 666.8 661,6 542.9 S3l9.g 3 

_4 0,9 650 8,8331 74,6 -6,46 40.17 l7;8n o;77n fi:6l9 92 4.0 ZA.3 lO 7,-) 3.4 Bi9,7 593 .9. »225 . 9 1 

5 1 , 0000 STTTSq IDO.O ==^'00 43. o5 3134 q.® 32 0'9l5 996,6 736.9 727,3 766.0 679,4 f.lo6,7 5 


SL 

PSl 

RADIUS 

PT 

TT 

TT.RLL 

PS 

r?, 


_,PT/PT1-. 


—TEJL- 

__3!,KAQE, 

1 

0 • 8571 

9, 9o6n 

32*275 

667,54 

655.72 

23.497 

60? . 67 

0.104q8 

2 .1962 

1,28690 

0*8783 

0-95200 

2 

i! * 8750 

9,73i0 

32,i83__ 

665,66 

653.44 

23.344 

6j)7.28 

0,10375 

—2.1902- 1.28336^ 

.Ojl0T8i 0,95200 

3 

"o'i'9200 

9,3899 

32 ,'21 6 

665t2i 

649,17 

22,832 

6o2.'89 

07iq222 

2.1922 

1,28248 

0.8899 

0.95200 

4 a. 9650 

8.3381 

32*569 

67nt26 

645.15 

2?in,l2_. 

-5?9;2o_ 

.oto99il. 

_2 . 2162 Li2?222_ 

_Ci8Z36_ 

_C.*952iO. 

5 

^ I’.OOOO 

374750 

33.231 

679,43 

64I797 

21 .136 

D96.77 

0.0955V 

2.2646 

1,30991 

0,8489 

0 . 95200 



Py/Pfl 2.2073 


TFT iTS783 

CORK. FjOH 


r 32 . 43 
^19,10 6.. 


MASS AV ERAQ cri VALUES 

B ^ 668.59 , / -t 

C3RR . RPh 9 36i !2^' 


1.28900 


CZ 674.65 


FAN ANP eOOSTE« STAQES - FINAL DESIGN 

station 2,91)000 Z 2I;;3360A2 sTATOR 2 EXIT METRIC UNITS 



PS! 

RADIUS 

% IMH 

Pilj 

_ALPHL_ 

brta >!.AhS M-REI. 

C 

U 

CZ 

0 

CiJ 

wg 

St 

1 

*0 - 857i 

24.8387 

0- 

“11-00 

12,97 

Sli’l 0-5o9 0-796 

l’i-7 

299', 7 

i83.6 

276.5 

42-3 

8234.2 

1 

L 

■ -fl.975n 

_24_L.8ia4_ 

12-4 

~ - 1 , 1 n 

^.2i4 6 

5a 1.9? Oj3i8 0 ! ??-6 

_i?4 . 6 ?98 . 8 

1 86 . 6 

‘27 1 .7 

4ij5 

E23o.l4 

2 

3 

-J- 920 0 

23.3315 

43.5 

*9.02 

11-26 

49,53 0.53B o-79i 

?01.7 

296,5 

l95.l 

259.7 

38.9 

r220-8 

3 

„J!_ 

_Oi96 5 n 22.2.393 

75.0 

.=7,49 

_10.i!l5_ 

__46I03 0. 556 ft .786 608,8 

29,4j 9. 

9.13.9 

247.5 

16,1 

1211.4 

4 

5 

1-0000 

21*3741 

100-0 

= 6,20 

9.00 

43;06 0-574 0-704 

216.4 

295.7 

212-5 

237.9 

33.7 

8204.2 

5 


_SL__PSl RADI US PT II TT^hL ,P3 _ __IS RHO .“T/PTJ TT/TT{ £l£ gLKAGF |L 

1 0'^57i 24.0387 2l.9i8 37n.86 397.26 ifl .361 352’.56 l?8i429 2.i63l 1.28693 o>8594 q. 94800 1 

2 .aj87,5Q_e4inM,_2JLL?63„-,3?9 395^ .5 ?_ ii,^37 35a, ?6__i:84_522 P.167 5 1. 28336 8 7p9 n . 948^0 2 

3 0-9200 23.33l6 22.0*2 369.56 393.07 10.114 349. 3l i;0q649 2.i 774 1.28248 o-88l4 0.94800 3 

4__JL.965 c__ 22 j. 239J 22il.52_ _372j3Z _393.95 J_7j982 3P0'.66 i;7S347 2.1-862 1 jZ 9222 0,8 569 n . 94800 _J 

5 1-0000 21-3741 22.22fl 377.46 397,66 i7.777 354;i 5 1774069 2,i93o 1.3o99i o-Ell* 0.?A8jo 5 


SL 

1 

_2. 

3 

' 5 


SL P6i TPLC PRtRQR.^ CE L-T D Pp7i3 CZ/CZ._ sn^nlv R-AVg __rrT4(l r-A Xt, F-COPr TtC OEF 

1 u.057i 0-05537 0'9849 0--3®0 0-357 0-962 1.0Q39 25-0000 59i,i6 3 q4-23 

2__Q.i0 75a_iljl)j7ZiJ Qj. 9,696 !U37l._ 0,16g__Q , ?63 _ 1 ., 79dl__ 24 , 5648.___ 586 , 75_ 3j]3;78 

3 0.9200 0.02314 0-9933 Oi37o 0,367 o.96q 1.7909 23.4639 607, "iS 3ll,05 

4 0.965 0 d,q4 i 73 n.?B65 _0, 38 2 98i Li.7Bl3_ 22 j 3441 ifloill 341.64 

5 1.0000 0.00665 0,9684 0»449 0.383 0,959 j 77754 2i,45o3 789,42 39i,o3 


2.1785 


EFF 0-8621 
CQRR^_Pl 


— — 

22.q73 -r. 37i.44 t-/,...! 

._caaa, . aJii ; 2 IL, 


1^28900 C2 i97.08 EOy PyS/Pyl 0-9370 


f*N AND BOOSTED ST*OSS !i FINAL DESlQN 





station 

2,90000 Z 8.400030 

stator 

2 EXIT 

EN8USH UNITS 

-SL_ 

PSI 

RADIUS 

S IMH 

FHJ 

ALPHA beta '(-AHS H.PEl 

C 

u 

CZ U eu wu 

sl 

1 

0*857i 

9.779o 

0 > 

'll * 0 0 

12,97 5i,9i o^5o9 0*796 

629,0 

983.2 

602.3 ?07.0 138,7 ■,768,3 

1 

? 

. n . B75n 

9 . 6i 

12,4 

"11 tin 

12,46 5i;99 n.Slb 0-796 

638.5 

9»0--8 

612,3 -99i.3 135.3 5756,0 

2 

3 

0*9200 

9,1056 

43,5 

.9.62 

11,26 48; 53 n .533 5 , 79 , 

661,7 

972.9 

640.2 852.0 127.5 *724.5 

3 

4 

0.9650 

3.7556 

75,0 

.7,49 

in.nS 46.03 n.5*;6 n.796 665.2 

967;? 

669.1 812,1 i48.6 .”693, ^ 

4 

5 

1* 0000 

9 * 4i5o 

100.0 

«6 . 20 

9io0 43i36 0.574 0-784 

710*0 

97Q.0 

697.3 7Bo, 5 iio.4 «67o.o 

5 

SL 

Pil 

RADIUS 

PT 

TT 

TT.REL P3 ts 

RhO 

PT/PTI TT/TTI EFF BLKAGE. 

SL 

1 

0 > 8571 

9,77<r7 

31*739 

667- 

54 7i5,o7 26.63i 634 . 61 

0-H327 

2-1631 

2^693 qi8594 

1 

2 

0 .3750 

9.6104 

31.354 

665, 

66 ZiU.{0 26,523. 631. ?3_ 

o7ii332 

2-1675 

1,28336 0,8729 n. 94800 

2 

3 

0*9200 

9,1356 

31.999 

665, 

21 737.53 26,272 628,76 

0711276 

2.1774 1,28248 o*88l4 o>^48oo 

3 

4 

_JL*96^ 

8.755d 

32ii23^ 

6l0i 

26 7n9,U 26.1)37 631,19 

or 111 34 

2,1862 1,29223 0.8569 n, 94800 

4 

5 

1 . U 0 0 0 

“~Sl4i5.j 

32*228 

6797 

43 7i5.?a 25.784 63*. 47 

0.‘lo7l7 

2.1930 

l,3099l 0*8116 o«’48yo 

5 

SI 

PSI 

7PLC 

PR. ROW 

DEL-T 

D Up7Q C7./CZ SOLDTy 

r-avg 

F-TAN 

F-AXL F-CQEF T-CORF 

SL 

1 

0*B57l 

0-05537 

0*9349 


0,380 0,357 0*96^ li3o39 

9,8425 

337,56 

173,72 

1 

J2 ii * a/5fi 

ft,n3776 n.9396 


0.371 . 0,360 _.a, 963.. i; 7985 

9i67il 

. 335.06 

173,46 

2 

3 

Q.9200 

0*02314 

0.9933 


0,37o 0,367 o.96q 1.7909 

9,2377 

346, '69 

177.61 

3 

4. 

n.04l73 0.9665 


0t4q4 _5,332 1!,95i uUH 

8i7963 

388,36 

195.20 

4 

5 

1*0000 

Q, 05665 

Q 1 ^ 6 B 4 


0|449 0,333 0.959 i;7754 

6.4450 

45o,‘77 

223^28 

5 

NASs_^VFRA^ED_.VALUES 

p 

t/PtJ 

2.1285 

EFF 0*8621 e 

T 32<01^ TT 665.59 ff/ 

TT^ 1*28900 CZ 

646.59 BOw P|2/Pt1 0*’87o 





COHRa- 


10.358 rCAB, RPm 03a1'2 



. 




Van and 800SIeJ<-3TAg 5S i>iNAL D5SJGN 

rTTiSwy— -jSroi nw 


PSJ RADIUS 

,0.65^1 ^4.7396 

0 ,8750 7>A , 3 1 77 


0*9200 23.2316 
0*9650 22,1755 
1*0000 ,2i*336[) 


SL P Sl RADI US 

1 u * 057 i ^ 4,7396 

_ 2—3 jL §.755_ 2 4_^3 X 77. 

3 0*9200 23.2516 

- 4 - Jii . 9 ila ._ 2 . 2 j . l 7 §,^ 
5 1.0000 21.3360 


PHI 

*12. So 
—1.-1 iM. 


2.1785 


PT; 

21'9i8 

22 .q 62 

-2.2j152_ 

22,220 


ETF o*S'-'2i 
COKfi. PL C^ 


_gETA H«A BS C W 

0;8o 4 £97,1 3niTT" 

~4 7-^-JT — ^ ^ ^ ® 2^5 0-:-O— -3 0 1_* 4. 

0*796 206.0 298.7 

£^^-^ 52 ~ al 8 fi 3 2IJ4I 3 J 0 . 8 _ 

4*.,3o 0.6 o9 0 . 8 I 1 228.9 3 Q 4 T 6 


TT 

37 Q . 86 
_369l8i_ 
369,56 

-nZsSL. 

377746 


jT*.RfcL 

396,9^6 


PS 

i8.i73 


- li,.. 

351.52 i.8oo98 


betric units 


395^11 t9,D95 -;9'9f 1*28698 5.8594 0 ^^ 4800 ' 

39? . 84 17 . 9sVr' "Sfe ! 44'“l‘7952l 0.91890 

llxill •'48,76 1^5943 1 . 2824 a 0*88i4 0. 94800 

397:36 .r^of ^i,9?43__2.i662 — L 1 . 2 I 222 n.8569 n.94*.i» 


_cy HU 

42.4 0232,9 

_4 l..4 ,' ;229.2_ 

39.0 :2i9,o 

-3-8i| — L 2 1 0 il_ 
33.7 :2o3,7 


8kKAG£ 


397. -66 17.296 —351:39 1^7^477 


2 . 1662 — U 2 lZ 22 0 - 1 654 9__ju? 48*10 

2.1930 l , 3 o 99 i 0.8116 o . 948 oo " 


MASS ^ AVERageC - VaLUsS _ 

22*q73 j 37i, 44 ^ , f 

- ciil ,— RRm 9 . 38II2II 


1*28900 CZ~ 


203.46 


51 PSI 

1 0>857i 

_2 0.8750 

3- 0.9200 
j? 0.9 6SQ 

5 1,0000 


RADIUS 
"^ * 7400 
9.5739 
■^rrsTF- 

8 . 7^ 5_ 
"8. 4000 


FAN AND booster ST4QSS o FINAL DESIGN 


station 3.00000 


0.583000 


PH I ALPH A 

"12>5o 12i?3 


31-TA M-Sn«! M » R c I Q 

5l.ll 0*324 0*004 646.6 

- SiLt _ o 6 0 75 33 a ; ao 4 456 , 1 . 

47,61 0.550 0,798 675.8 

-I 3 4 ^— “ 4- 1 ■ ® 0 3 i 1 4 j-5_ 

42, 3q o.6o 9 0*311 TSl-o 


SnGUSH units 


_JJ cy uy 

?03.4 139,2 sTM.i 

-113-1 a 13 5,9 *7 5lii 

809.0 127.9 ; 72 T.t 

-f 0 ill 14 8 7 . 9 _j 6 9 g , B. 

7/0.4 s tt JL 9X^0 — 


PSl ^RA DIU S 

0*8b7i 917400 

_9,875j] ^ 9 , 573 ^ 

0.9200 971512' 

JI.1.965Q 8.7305 

l.OObo 6 . '4000 


PT TT 

31*789 66~7j54 

_31.854 665.6^ 

31,999 665721 

JStl20 *70^21 

32.228 479743 


Pt7®tI 2*1785 


EFF 0*8521 


.TT-Rfci 

714.62 

7o7.12 

Jq8^«0. 

715 , 6q 


PS_ 

26 . 353 ' 

-26j246. 

26,043 

..25i547_ 

25 , 086 


1 S __ ^ fiy g 

63|»74 o*'h243 

— 629,83__q;ij^2A7 
627.19 o:ii2ot 
.427,77 _q''iq984^ 
632. 5q 0?1o7o5 


-Pr.7.pTl U/TIJ EFF— _BkKA5E_ 

2;l6.5i 1,28698 5,8594 0 *9481,0 

2.1675 — 1.28336__q,,8729 i_d, 9483L 
2.1774 1,28248 o*88i4 o.948To 

2*i862__i, 29222, _0i856*_ j)^948t() 
2.1930 1.30991 0*8116 0*94800 


LT /TTi p rr 

1*28698 5,8594 


-1 HA.S S AVE RagpD VAt,llES_ 

32.012 r- 668.59 ,,7. f" 


□ DO ^ TT^Tt' 1-2B900 CZ 667.53 
S.-BPh ^9361; 2ll-_ -CQR.iC-UllLP_ Z9S,^j 


CO 


REPEODUCIBILITY OF THE 
ORIdNAL PAGE IS POOR 


tn 
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FAN AND BOOSTPN STAGES - rfNAL DESlGH 
station 3 , 5(1000 


Z 23 ; a 664 A 6 


ROTOR 


S exit 


metric units 


jesi 


1 

0 .' 357 i 

24 . 38 ?! 

2 

0.-8750 

23.9773 

3 

0.9200 

22.9472 

—8 0 j ( 965 a . 

_ 2 l 2 . 9 ll 6 _ 

5 

1.0000 

21.1074 

-ML 151 .- 

RADIOS 

1 

0 * 857 i 

28 . 389 i 

_ 2 -.- 

. I )- u 3 Z 5 i _ 

-- 23 i ? 77 i . 

3 

0-9200 

22,9472 

4 

- Ui 96 . 5 o 21,9149 

5 

I'OOOO 

21.1074 

SL 

PSI . 

TPLC 

• 1 

0.8571 

0 . q 6544 

2 

D ' 875 ol 

n . 056 n 6 

3 

0*9200 

0 . 03339 

4 

_ 0 , 965 q 

jQ . 032-72 

5 

1, 0000 

0 . 05354 


■X.JHM 


Ot *l5'C0 

-J-.il 5 J 
^3,9 -i3,35 

■7 5. A -11 . a9 


-AIPliA aElA . 


100.0 


39,05 


* 11.00 37,38 


11= ASS M.rBEL- 

Q . Ao 5 0 * 55 o 

XU .^20 Q-iSil. 

S^iJl O' *33 o.'566 

-24 1 32 0 1 652 0 ( 5 ll 

l 9 , l 8 o **97 0 ' 5 a 9 



2^3.6 

i52i? 222i-0- 

J 69 ,i 227,5 


211 


234,9 


l 3 o .9 ’ 10 l *5 

-J.52al rSl ,3 1. 

l 6 i >4 - 73 . S 5 


PT 


23. q7?. 
^h22l 

28,240 


TT 


20 . 437 '' 

pH-a ow 


4c0!*7 

399.56 

397,89 

- iQQ - i 3 *L 

4 q 7 , 24 


-PI. 


TT.RE l 

395 . ^0 21 . 9 l * 

.3?1i1q 21-0.87,, , 

30i.'^8 21-558 

.39 3jU 2: 21a.l2 1_ 

396 , ^6 2 o >562 


-TS 


Ruo 


-P.I/PT.1 J J/TTI 

2 . 77 q 5 i . 39 o 45 


-ETE BkKAEE. 


0.94400 

-OiiAjsaiL 


373.31 2.045i9 2.77q5 i.39o45 o<8656 

-iZliU6 — zZolSSE 2.786n 1 .38 661 (1,8/97 

308.34 2.03090 2.787i i.33q78 q.6936 o.’Muq 

. 2| 8 J 54__l -996 51 2., 78 5 1. . 1 , 3 3944._jj.873 3__Jj 9 4 4 O 0„ 

37i.2i 1.92971 2.8o65 i,4i324 o-Ba’S 0"94400 


_£ Ek : iI . 


-lj.2|54. 

ItRSoO 

-112743. 


29 . 82 ’ 

20.33 


- 28 . D 1 .^ JU , 3 ?B 


Ppto c . z / c 2 _soknii ir * vq _ 

Pt 43 e 0,388 o «912 1.2627 24.5644 

- fij-Aia U , 3 B 5 __( jj , 924 _ i .’ 2 fl 34 _ 24-1475 

Oi ^ O * 0 . 38 P 0.934 j ;3409 23 io 994 " 


2l>22l( 


_£-Ti.N_ 
557 , 9 n 
- 572 i 3 i _ 
566,43 
58 . 3 ,75 
637,' 6 4 


r- COFF T -CORF 

0.682 0 " 8 l 3 


_£:A?L„ 

494,37 

486; 69 Q j 7 q3 ^ J.8 3 !_ 

856 , 5 i 0 ' 77 o 0.073 


Pj/Pjl 2.7078 EFF 0.8746 pi 


20.247 


iiAgj — averaged value s 


-£ OE - R ^.- EL £ H — J _ JU 121 - 


i 5 . il . 


800.27 tt''tt^ 

-REm alii! a L!- 


1.38907 Cz 189,39 


80h P - fg/Prl 


-Jk 


SL 


1.2797 


FAN AND 900STEN ST^aiiS n FfNAL DESIGN 





station 3.50000 Z 9‘.i60000 

ROtOR 

3 EXIT 


ENQUISH UNITS 

_iL_ 

ES1_ 

RADIUS 

X tHH 

.... PHI alpha 

BFTA M-ARR 

H*RC| 

n 

U 

C7 U 

nil uij 

SL 

1 

0.8571 

9.6020 

0 . 

’l5.‘00 41.85 

34 ’,57 o.8o5 

0-5J0 

769.3 

698.9 

552.0 89n,6 5n3.3 1 * 387.5 

1 

f> 

J.6750 

... ?'.43?9 

12.I.5 

4a±£2_ 

32i4.Z a. 62/1 oj 5i7 

76S.2 

7(i5l9 

56i.S 87 

5.S 5nS.S *'37n;» 


3 

0.9200 

9,0343 

43.9 

•l3’.35 39,05 

Z9;3t 0.833 

0 . 566 

799.3 

7l4-9 

610.5 837.9 495.2 7342,7 

“I 

4 

_aj9650_ 

8.6278 

75,4 

-11.49 37.51 

24~,87 n .657 

_Jli5?7 

829.9 

77874 

6'«'^.9 6 nn.P 498.9 *3ni,Y 

4 

• b 

1.0000 

8.3100 

100.0 

•11 .00 37,38 

19 ; 18 0.897 

0.589 

882.8 

746.3 

693.3 77q. 7 529,6 s2-'i.i 

3 

SL_ 

P01_ 

RADIUS 

PT 

TT TT. 

PS 

TS 

R 4 O. 

PT/PTl 

TT/TTt 

FTP BLKAnF 

SL 

1 

0.857J. 

9 , 6020 

4c , 7 i6 

72t»21 7 i2 

. 8i 31.786 

67i'.96 

0^12768 

2'.77q5 

1.39o45 

0.8656 O'^AA'O 

i 

? 

_Uj8J10_ 

9.4395 

45.943 

7.19x2.2 7 0 9j_3g 31.600 

657.9, 

oJl’1277o_ 

2.7S6Q 

1 .38561 

0.8797 0. 94400 

2 

3 

0.9200 

9^0343 

40,959 

7i6,i9 7q5 

.=■6 31,267 

663;02 

0^12729 

2.7871 

1,38o78 

0.8936 0,94400 

3 

4 


&t6?./’d 

40,941 

720.68 7o7 

1^2 311.633 

663.37 

oj 12^4 6 4 

2^7859 

1 . 38944 

0.8733 0,94460 

. 4 

5 

l.QOOO 

8.3100 

41,245 

733,03 714 

.23 29,823 

668.17 

0712047 

2.8o65 

1.41324 

0.8298 0.94400 

5 

_SL_ 

PSJ 

TPLC 

PR.ROk 

. cel-t n 

U.P7Q CZ/C7 

SOkDTY 

RrAVQ 

f-tan 

F-AXL 

F-COfp T..COEF 

SL 

1 

0.8571 

(j . o6544 

1.2808 

53.67 oH38 

0.383 o.9l2 

1-2627 

9. 6710 

3l8,57 

282,29 

0*682 0»8i3 

1 

_2 Ct 875.0 QifiSonS Li?.854,_ 

53.55 a,43n 

_aj.385 Cj?24 

j1j2B34 

J7.5069 

J26,'84 

277,91 

r,.7o9 0,88? 

2 

3 

0.''200 

Q.C3J35 

1«2«00 

50.99 0,Ao9 

0,38^ 0.934 

1.3409 

f , o942 

323,44 

260, 68 

0.77n 0,87.; 

3 

4_ 

_0t965j3. 

_0*D327^ 

_X!.2743„ 

_^50.43 0,398 

376 0^93 2_ 

-ii.AQ28 

8.679i_ 

333i’j3. 

236,12 n.86i 0,94’ 

4 

5 

I.JOOO 

0 . 08354 

1»2796 

53 . 60 0 , 395 

U. 345 ^ 0-944 

1-4623 

8.3550 

36 4 . ’10 

2l2,96 

0.943 1,081 

s 






•HASS AVERakfD values 





p 


2.7678 

tFK 0.8748 P- 40.969 r. 72o’.49 tt/ttI 1.389j)7 CZ 

mfeR,_PLCW 15.7 03 nORR, RPm 90i7>^' 

621.37 

ROu PjZ/Pyl 1.2797 



cn 


m 

b3 


FAN AND BOOSTED STfcQSS .- FINAL DESIGN 





STATION 


3,60000 Z 23.901447 

stator 

3 inlet 

I36TR1C 1 

UNITS 

SL 

PSl 

radius 

X INH FHl 


ALPHA beta H..ABS 

M-REL 

c 

W 

CZ 0 

CU wu 

IL_ 

1 0*B57i 

2 QtS75o 

24.2316 

23.0159 

0 . " 16. 00 

12.8 ■’14.25 


42,28 34'.i8 Q'^oS 

40,94 3 r. 6 i 0.624 

C-544 

1L:556 

234,5 
. 2.4li0 

210 

_214. . 8 

i69.8 269,7 

A.78.8 265.1 

154.4 ;ii5.3 

l55^J Til 0 , 0 . 

i 

t 

3 0 .'9'2oo 

4 n . 965n 

"22779?^" 

21.7767 

44)2 -13. F4" 

75,4 •'12.72 


36,37 27,94 0,649 

36,83 23.63 0,676 

0.57b 
0 .605 

249.1 

159.4 

222-1 
_2?.7£7 

l9,i.9 253.7 

Pn4.3 242.4 

1^1.9 flOl .8 
jll.Q ' 0 ’iA. 

3 

4 



1.0000 

"W79£c4^ 

100.0 -13.00 


36,8? 18 TT 9 o.‘7i4 

275,1 

233.2 

216.4 233.5 

162,4 -7i.i 

5 

SL 

PSl 

RADIUS 

PT TT 


TT-REL PS 

TS 

RMO 

PT/PTl 

TT/TTT eEI 

BLKA^E. 

_Jk_ 

1 

0 1 85 7 1 

24 ,23 16 

20.q72 4goi 

67 

395.42 2i.9i6 

373 . 3i 

2-045i7 

2.7705 

ii39o43 q.8656 

0.94400 

1 

2 

0 ■ 6750 

23,8159 

28,229 399, 

56 

393 . ?2 21.70? 

370,67 

2'. 04010 

2,786g 

1j3866j; 0.8797 

^0.1 ?4.A0o_ 

2 

3 

0.9200 

2277961 

28,240 397 , 

89 

39i,55 21.206 

367.01 

2'.’ 02 050 

2.7871 

1.38o78 0-.6936 

0 . 94400 

3 

4 

n 1 9 6 5 0 

21.7787 

28,220 400,30 

302 , 2u,7?y 366,0? . 

. 1^97435 

P.7B59 

1.38944 0.8712 

I OJ. 9 . 444 Q 

4 

5 

1 ■ 0000 

20,98c4 

28,437 4c7, 

24 

396.63 20,247 

369.57 

i1'9q656 

2. 0o65 

1,41324 0.0290 

0*94400 

s 

. MASS averaged values ■ 

P 

t/Pt^ 

2,7678 

bFF 0-8740 g 

X 

20.247 - 400-27 it'' 

..1 l,389j7 CZ 

i93,9A 






CQRR, FlcH 


7.123 nORR, RPh 








FAN AND BOOSTED STAGES - FINAL DESIGN 


STAt JON 3,:60C0D 


9.A10000 


stator 3 inlEt 


English units 


Sl 

PS! 

RADIUS 

X IMP, 

FHl 

ALPHA 

beta 

h-abs 

H-REL 

C 

W 

CZ 

U 

CU 

HU 

1 

2 

0.8571 
0 * 875o 

9 .5400 
9,3763 

0 > 

12.0 

-l5 . 80 
-14,25 

42.20 

4g,94 

34,18 o-°o5 

3i;6l Q..6.24_ 

(1*544 

n-556 

769.3 

79n.6 

6 ’l *6 

7q4*6 

557,1 

586,5 

864,8 

869.6 

5 p6 • 6 

5ii6.7 

T370.5 

S36Q.9 

f~ 

4 

C'9200 

0,9650 

~BT9T4F“ 

8,5743 

44.2 

75.4 

’13 .54 
-12*72 

38.37 

36.03 

27794 

23,63 

0*649 

0*676 

0-578 

£L-5?3. 

017.2 
85i ,n 

728.5 
747. _i 

629,5 

67d,3 

032.4 

795,3 

4'9B,5 

_5d2a0_ 

R333.9 

_5293.‘2. 

5 - 

1 .0000 

8.2600 

100-0 

-13.00 

36,89 

18.19 

07714 

0-605 

902.6 

765.0 

7o9.9 

766 <1 

532.8 

»3 

SL 

PSl 

RADIUS_ 

PT 

TT 

TT- 

RHL 

PS 

TS 

RHP 

P J/PJL 

T2/HI £F£ 

BL.KAGE 


1 (ji867i 

2 U<675q 

3 0>®200 

4 u.96i>f) 

5 i.ciOOO 


oAoo 


T,$7T6 

8 ,5743 


• y • • i 

40. 943 
40 •9^- 
40.94 1 


2800 4i,245 


’ fc J. > «.* 

_7i9i21, 

7i6,i9 

_72C^ 

733,03 


_7a8i^2_ 


7c4.^9 


3l 1 463 6 A7 j J;j3 q,' la? 36_ 

3ij.n73 660. t2 q'.'126i4 

_J50j i 50 _i.6Q . <;i_ ..:.D .•12326_ 

29,366 665.23 o7ll9l6 


} 0*o^'5O 0*^**«*-D 

> 2,7859 1,36944 (u873.3_0 • 9.4A^Q. 

> 2,6o65 1.41324 0*0298 0.94AC0 


0.0936 


U ' ’ ^ T V u 

J-.944VQ- 

0.94AU0 




2.7070 Iff o<8740 F, 


CORE.-LL^ L15^203 


MASS AV ERApl=P_.VALUlS- 

40.96'' tt 72Q.49 


x^.-E£iL 




1.3«9i)7 CZ 636.33 


SL 





FAN AND BOCSTe:” ST*G5S n FINAL DESIGN 





station 

3, -90000 Z 25;47623o 

STATOR 

3 EXIT 

hbthic units 

SL_ 

PS! 

aAEUJs_ 

X IMM 

PHI 

— ALPHA, 

BEI*. LI-Ars H-RFI 

r 

u 

r.7 It 

rJi uti 


1 

? 

0 . tf5?i 
_Hi§2gxL 

23,7744 

■23,3743 

0 . 

1?.3 

-l6, no 
"1« . 7.1.. 

2.00 

2i.0.a- 

56,55 Q.AS2 fl.798 

5 5,1 22 Qj. 4 7.0 a . 8 OO 

{77,9 

?04;3 

313.8, 

J13.8 

l7n.9 264., 6. 

1 76 * 4 26n • 0 

6,0 ^258.6 

1 

3 

^4^ 

0 > 9200 
_0 

22 ,367q 
21.3329 

43,3 

■17.02 

"l£.6o 

2i 00 

2tilC_ 

53,'27 0.485 0.787 

— 5j,Llj 4 Q.,5n4 0 .776. 

i09;4 

i97.i 

307.7 
Q 3 f *5 

181 . a 246,9 

1 B 6.7 9H7.4 

6,3 Ii242»6 

fc-.. 

3 

5 

1.0000 

20.5232 

100^0 

"iS-UO 

2.00 

46.97 0,544 0-793 

213.9 

3o7»6 

208.5 226,4 

— Q.i^ S^wLy. 1.9 

7.2 1221.2 

4 , , 

5 

_SL 

PSI 

RADIUS 

PT 

TT 

TT. 

RtL PS TS 

RhO 

pt/ptt 

TT/TT! err 


Bi 

^ 

O'OS/'l 23.7744 27,6.14 

_0.|ZSO — ^itlZi3 2li9jil, 

Acq. 

■_-i9§4 

67 433 

5A ,, 431 

.^5 24,025 384.93 2^17435 

^.^5 2 i 4.0.10 3824^5 2.^8665_ 

2.7283 
24 75I5L. 

1.39o43 o.85o6 

1.30664 n. 8.496 

0 .940^0 

1 

a 0*’?.U0 
4_OL?6i0_ 

22.JO/0 

-2Xi3.J2i_ 

20,0 = 9 

—zh-lln- 

397, 
AOJli 

09 A27.16 23, 093 36o.03 

42.6.j9n _. ?3.Sn3 7 ?i,q4 

2^19032 

2 T 14 O 2.9 

2.7692 
2.1 7505 

l,38o78 0.8071 

4 . 7RQld ft . a A-TA 

0.940UO 

3 

5 

1.0000 

20.5232 

27.938 

407, 

24 431. =7 22.043 384.47 

a;o6979 

2.7573 

1,41324 0.0134 

— D iL 

0,?40.^0 

-■ 4 

s 

_SL 

PSI . 

tplc 

Pri.ROW 

CEL-T 

D 

CZ/C7 SOLnTv 

ft*AVG 

IL'TAN 


Si 

•1 

_2. 

0f o57x 0 ‘06953 0,i9d47 

-Di§?§:fL_(L*Q53?b ai.9a99 


0»423 
Ci.4l:L„ 

0.343 1*066 1.7623 24.0030 

-0 ..35-1_,Q ,032 117455 93.5951 

757.89 

700 .' 22 

L--rT'.:.y e rye 

323;95 
• 330166 


1 

9 

0 0,»,?0P 0>02Cp/ 0,vy36 

— -A — U.2650 — 03716 0-i?®02— 


C«4i4 

0:lJl4_ 

0.373 0,943 1.6953 

JL.364 o.i9i4 I 46370 

22(5Bi5 

21.5556 

763,’ 6 9 
75i,’96 

3l3ill 

076. S'! 


3 

5 

l.CCUO 

0.06090 

0.9825 


0t402 

U.3i7 0.954 1.5696 

20.75ib 

800 . '56 

287452 


4 

5 




2.7596 


EFF 0i86<8 
CQ RB. FL OW 


27,961 

7.196 


-HAg S AVFR ai^f D Values 


AOQ.27 

RPm. 


1-389B7 Cz 103.70 




0.9999 


Fhfl AND BOCJSTEH STAGES i FINAL’ DESIGN 


station 3 , 9 COOO 


10 ',030000 


STaToH 3 EXIT 


English units 


3 0.9200 


5 1.0000 8,(ja(;g 100.0 


56.55 0'A52 3*798 583.6 1829*7 

5 i; 22 — o^zo— oi -6 ao — 6 a 4 a.e t ca? ._i 

53.27 0.A85 0.787 62i*4 ipo9.6 

5j,i 14 — Oj-5o 4 a-*-7l6 646 j^ 8 i?5j 9 

46;97 0,544 0.983 701.7 ioo9.3 


23.7 5725.8 


1 0>857i 


40,521 


PS 

l.lO 34.846 

6^ 3.4 ,.83^ 

3,89 34.655 

3 . 4 i 31 ,o 88 _ 

6,82 33.131 


.. 7S RhO PT/PTl TT/TTI EFF BLKA GE 

692.87 o'. 13574 3,7283 i,39o43 o.85o6 o-’^cOO 

_ 6 ^ iZ8_ji 136 SI 3 ,7578 1. 3 66 61 n.B696 n.94w^j n 

684.05 0713674 3.7692 i,33o78 0<887i o.?4oUO 

-t 3 ax 8 _^ 0 , 1 . 34 i| 2 Ji 85 __uJi 89 j 4 i_ 0 jei 35 __o.. 9 ^OBQ- 

692.05 0712922 2,7573 1.41324 0.8134 0.94000 


PS I T PLC , PH . 1 K OM 

1 0 . 857 t 0*06953 0*9647 

2 0 , n 436 3 n. 9o99 

3 0*9200 0 * 0260 ? 0(9936 

4 0,96 5 Q 0,03736 0.1.99 02 

5 1.0000 0 . 06 o 9 o 0 . 9525 ” 


D 8P7Q CZ /C7 SOLDTy Rr.AVfi_ 

0-.423 0.343 1.006 1.7623 9t45oO 

4U4i4_1^ 351 7455 9,?694 

0.414 y,3?3 0.94J 1.6953 6 ,b9o4 

0*A14 364 0, 914 1 ^ 6 3 7 p 8 , 4 665 

C»402 0,317 0.954 i.58?6 8,i7o0 


F-T AN 
432.77 
-i. 45 .: 52 . 
435. ‘74 
429.'38 

.457731 


r-AX L 

184,98 

17647? 

JL 56 »D 7 

164.10 


602.67 pOu P,2/Pyl 0.9899 


















I* 




FAN and boosted stages - FINAL DCSlGN 


station 12,60000 


21 . e 9 A 0 A 3 


o av ^ 

sUToR 12 inlEt 


metric units 


S L PSl 
lb * 

.2 0*1 000 

3 0,2000 

4 iiioiii . 

5 0^000 


RADIUS 

*( 4 > 2 A 69 

42. 4 0*12 

“ 4075315 " 

o8,9756 

■^ 722 TT 


q . Sdoo 35.3925 

0*6500 32 * 4 q 93 

0 .7 500 3 0_i 1 

(j,857i 27,5 c83 


Alpha bpta h«a bj m -Rti c 

43.42 66 ^3 g |56'o i.o38 jo5.8 

^9_l 72 62124 Qu 6i7 i . jl 8 S2 4.7 

3?. 94 58,74 0*654 0*994 236.6 

37 . 66 5 5 ',06 fi. 677 04. ^.5 2.8 3j?_ 

37,84 53,12 0*^93 0'912 248,7 

38,1 8. S o, 2 2 Q.7 n6 n*867 262.2 

39.66 44197 0,721 0-765 2&6,3 

Jl. . 1 6, ^4 d i. 3 7_ Jii.7 3 2 0 *7 2 3 ^5 ? . 

44,36 33J74 g, 738 g, 635 26o*5 


_CU HU SL. 

1 4 1 .5 r 35 i,(j 1 

143.6 » 328;4 2_ 

145.5 »3d7,3 3 

-IS.’jlO-,; 28 4 j a i- 

152.5 7261,8 5 

i 55.9 :: 23 B.q ^ 

163.6 Bi97,i 7 

i7n.A ;i65,T 8 

lfil .9 Ii 24,3 •" 


SL PSI RADIUS PT TT 

1 g. *,4.2419 iF7o 3(5 357, 5o 

_2 A 2.4 Q42 l_9i 5 43 3 55, 61 

3 0*2000 40,6°i5 10,856 353,72 

4 o .3P[in 38,97 56 i8| 948 352, 50 

5 O'AQUO 37*2244 i8,8E7 35i,g6 

_6 Oi5 n ail_i5 , 1 9 2 5 18 j,7.3 5 3 4 9^28 

^ uT55uo 32.. 4o93 18,350 346., 89 

8 0,7 5 00 3 0.1977 18^^137 345. 17 

^ oT857i 27,5g 83 17,79'S ^3,6g 


343,60 


TT.R&l PS TS RhO 

4 o 8.06 i 4.579 336.41 ir 5 g 974 

399. ui 14. 347 330iA8 i;5i241_ 

39o. 19 I4,l50 325,86 i:5i273 

381.8 1 13, 938 322,e?__i75o38c_ 

373.59 13.699 320.28 l.’49oio 

.365,38 I3t437 Si?, 63.._i;47373_ 

352, ’1 13,005 3lA_.l9 l.'44i9U 

3 44. 3 8 I9,7 n6 ill i.79 1^4196^ 

334, '^i 12.39g 3n?*82 l'.'39320 


PT/PTi TT/TT! p rr BLKAJI.E^ 

1*78oo 1.24g63 0.7443 0^65oO 

3 0 0 li.23 4 fiS 0^.0 52 Qj ? 6 5 gfl, 

1.8610 1,22752 0*8535 o*^65uo 

-1,8 70 0__t,.2?-328__o il7 7 i._o_, ? 65 1' Q_ 
1.8640 1,21827 0*8922 o *^ 65 t 0 

_ l 4 849 o _ ii 21210 ._ lu ’ c 53 0 j ? 65 jQ _ 

l.BiSo 1,20381 0*9ll0 0*9655o 

-1.79 00 lLl?73.1__Qji.9l49__Oj965dQ_ 

1.7566 lil9238 0'9o78 0*^6500 


Pt / Pj ! , 1.8303 


EFF 0*8728 
CQRR. PLOi' 


HAlS-ii' E R A pES_ V A LU E.S 

18.545 T. 35Q.40 l*2l5bfl 

,483 -,-CM.R.,_..BPji 9636,2- 


l 89 , o 6 



oi 

Oi 



RA DIUS 
1 7 • A 2 3 0 
16,6945 
3^6, 0163 
l5.3 447 
• 6553 
i3.934 q 
i2.7595 
1 1 .9C8B 

lO'i’BSoo 


5L PSl RADIUS PT 

1 dT ^ . i'7-.A200 2<"159 

OiMa]! 1 « ? ^5__2 6 >894 

3 0'2OOC 16-01*3 27i3A9 

_4 p^j3n0(1 15^34 47 2 7.482 

5 O'Aooo i4f6553 27,3'3 

4_IL! 5I1q.Q_i3j 93 ?7 a?3_ 

^ D'65o0 iZ ’75^5 26,673 

B (1^7 5 QD tli ® i®? 2 6.3 Q 6_ 

~9 qTb57i iO'"^3[)D 25,8i4 


160 111 16 


RFTA H-ARS H- REL- 

66793 0.56[| i.()38 

6? . 2 4 • l!l. 6i7_.ijBljL_ 
58,74 (1.654 0'9^8 

55, ®6 Q. 677 

53,12 Q.693 0;9i2 

5 (1,22 n . 7 r 6 c..fi 6 7_ 

44,77 o<72t 0-785 
_40|3Z__a-732__lll723- 


44.36 33.74 0*730 


675-3 i25i*7 

776^3 il79,5 

_ftODi2 llS®*.?- 

815.8 io73«7 

_82l..3 ldl6.*2_ 

840.9 9i5.1 
_849>6_ 839.5.. 

85^.7 '735.2 


i6l5 .7 
' 1'5 48.4 
1485.5 



1359.3 
_12?2^ 

1183.4 
1102'- 7. 

1004.5 


TT T T.Rei 
643«5o 735. ’4 

.65Dil.ll 716^2.2.. 

636. 7o 7 q 2.J4 
A 3 ll 5 q 607,2 6_ 

63l-9o 672,45 

.6 2 B j. 7j) 65 7 i 6 ? __ 

"624.,4o 635.25 

_62li3ij 6 i.?j88_ 

618,47 6o2.®6 


PS TS 

2l,l46 6 o5,55 

_2lU;80'? 

■ 2U.523 586.55 

_2U‘!.216__F31.*?0. 
l6,87o 576. 5i 

_1.?j489 57i.?4 

18,. 862 565.55 

_l8i42’ 56i;23 

i7,97u 557.67 


RHO PT/P Tl TT/TT I £FT 

oTq9425 1.78oo i,24o63 q,7443 

_Q J 0 9 -1 4 2L_„1. 83 ,2340 L0.i Bq|2_ 

0709444 1.8610 1,22752 0.8535 

Q^09386_...l,8:'*l)0-.-li22323_jl,877l_ 

07q93o 3 1.864a i.2l827 o *®’22 

_0V092oC lA-t’o— l-t2l210— Di?Q5l- 

O7o9co2 1.®1®0 1.203®! O.’llO 

. 0708863 t,79oo__ii.l?78.3_4i.t9H9_ 

n7o869b 1.7566 lil9238 0.9o78 


_8Jr!<6G5_ 
0.965;0 
0^9651. JL 


4ASs A V E 8 a PED_ V a t, U| S., . 

r- 63 o>72 TT^Tt' 
_cMa,_£P-M 963i;2_— . 
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FAN AND BOOSTED ST*GES i. riN*L DESJGH 


station 12,90000 


28'.44fio56 


fty-PAss 06 v) 

stator 12 Exit 


BETRIC units 


1 O' 43.8'''13 0, 

-2 — 0.1.10 OJ 42.215S in. 4 

3 0 i 2000 40 . 6 Q 6 S 20<4 

—4 ilxSn QO 3 3 .9947 3n. S 

S 0 . 4 0 0 0 37>327i lo,a 

7 0'<i5ofl 32 •6585 6^1^ 

10.l48oo 

9 O'Sj'l 27 i8i3i lOO'O 


-BslA h.ahs M .R^ l r u C2 

Ih'll 5i6.i i65,7 

— IjMc t7j5. l5 £ng ,6 i78.4 

0?5o8 i.33o i06,9 4B9.1 l86.9 

-6| »4S --0 i 5 j.B — r._292 1 S 9 J 9 473 . 7 1 89.8 

65,32 n.9l8 1.248 {89,4 45616 189,1 

M , Za 0,^1 2__i . 1 9 9 £ 86.6 4 3 7 J 1 1 86. 4 

63, '3 o*A 93 1.112 {79,8 4o5l5 l79,4 

^+Zl 0 .AZ2 — { . n 4 6 { 73^ 3(j .? . 73.6 

62. A4 0.A43 0>958 {6i.6 349.2 161.6 


M • iZ AtvAwy 

-6.6 »ji6_..0.5j.B 1 .29 ? l89j_9 

65,32 n.Sia 1.248 {89,4 

— 4)a^ 12— t?9 £86.6 

63,73 0.A93 1.112 {79,8 

-4^+|l 0 *^7.2 — { . n 4 6 £ 73^ 

62.44 0*443 0>958 { 6 iT 6 


SJ PS l 'RAni lJ.q 

10 ' 43 >B 9 i 3 i 7 

-2 — li xapj 42x2155 l8 

3 0*2000 40i6q66 {8 




5 0*4000 37,327i 
- 6 — 0*5000 — 35iiA5i. 

7 0.6500 32,6585 {b 


15.53q 
4.3 j 669... 
15 . 68 o 
4 J?x 6 r> 4 ._ 
15,596 


1.75^.u 


7488,5 

646 9.9 

B 45 ii 9 

-5434,.0_ 

S 415.4 


0* 11363 ;9 7 

-Oj * 339 x 2 8 _ 

0 * * 3 o 9.6 9 


_TT/TT{ prr H|,KiBc 
1 . 24 Q 63 0*7975 o ;95500 


•'^ 1 / 1.20301 0*6923 0*95500 

.? 6.6.4 — 1 la’ 7JjJ_8 x5 922 _il. ? 5 5i (L 
• 7.246 1.19238 0.8759 0*95500 


■SL PSI T?LC PR.hnW 
1 0 * 0 , 0 S 209 o, 988 i 

—2 Hiliflil n. 03 867 fl,x9 9 { 2_ 

3 0.2000 0»03189 0 *^ 92 o~ 

-I — 0 x 13 01 [U .0 336 2 tii? ’ 

5 0.4000 O« 03 l 82 o* 97 i 3 

- 9 — fl-t 5 aOO Oxil 2 iZZ__i)x 99 o 5 

7 0.6500 0.03325 0*9888 

-I aLZ 5 aii_Q . 04408 0.9868 

9 0.0571 0*05983 0*98iB 


° P-- CZ/C7 SOLPTy E^AJJ 

Dilo 1*3536 44.0691 914V21 


r-AXL 

369,05 

-39l.iJ39. 

393,80 

-J 97 i,i 4 _ 
395, ,34 
- 3 S|.x 64 - 
386 ;o 7 
_ 3 S 8 i 5 i_ 
394,39 


•-CQpr T-CQt 


1 . 9 ll 3 


:FF 0 . 8565 
CORR. FlQV 


— = 5 iASS_AVBRA.C^yAli!es 

U 35 p.i(u Tt 7 ^ 
..iil C ^RR. RPm 143 ilill 


i.2{s9a 


^foiTP^l/Pyl ^9996 
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FAN and BOOSTfH STAG=S - fiNAL DESIGN 



. 


STATION 

12*90000 

z 

li’. 2 doooo 

STATOR 

IS EXIT 



ENQLISH 

UNITS 

_ 1 L_ 

PSl 

RADIUS 

X IMM 

PHI 

ALPHA 

BETA 

tl=A 3 S_ 

M-REI 

r. 

u 

CZ 

U 

cu 

uu 

SL 

’ 1 

0 * 

i 7 . 2 Doo 

0 , 


0 , 

7 i ;27 

0*448 

1.389 

546.1 . 

1693-2 

543.:5 

. 1802*7 

0 « 

-l 6 o 2.7 

1 

2 ... 

. H 1 1 0 DO 

1 6 . 62 P? 

10.4 

iliS 5 

Qj 

69 i. 2 i. 

0.483 i. 36 n 

^S 5.5 

, 649.0 

585.4 

1541.5 

n. 

"i§ 4 i;i 


3 

0.2000 

15 -. 9 S 66 

20.4 

0 . 3 l 

Oi 

67;53 

0 . 5 ofl 

1-330 

613.3 

1604.6 

613.3 

1482.8 

0 , 

- 1482;8 

3 

4 

-OjiOiliL. 

_j 1 ... 3522 , 

30 j 5 . 

ijLi 5 _ 

0 ( 

6 $; 3 H 

_X',. 5 iA 

- 1 ,. 2'72 

622,9 

1 5 5 4 . 2 

622.5 

1423.9 

n . 

■'A 423 _,i 

4 

5 

0.4000 

14,6957 

4 o,B 

3 ,t 6 

0 , 

65;52 

0,518 

1-243 

621.4 

i 49 a;o 

620.5 

1363.0 

0 , 

- 1363.0 

S 

6 

_fl, 5 QilQ 

_L- 4 .,,D 021 

5 l ,8 

3 I 88 

ol^ 

_ 64 tZ 8 

aj- 5 j. 2 _ 

1 ,l 99 

613-0 

Jl 436-1 

61 1 .6 

1298.7 

n • 

f l 298 lT. 

6 

7 

U , 65 yo 

12.8577 

69,9 

4,01 

0 , 

63,73 

0,493 

1*112 

S^o • 0 

l 33 n .5 

588.5 

1192.5 

0 , 

rll 92.5 

7 

a 

-- UxZ 20 0 12 j £. 021 !_ 

83.4 

2 j 98 

u. 

62 ; 7 i 0.477 

1 • 036 

57 n ;2 ,? 5 n :5 

. 169,4 

_ 1113, 0 


- 1113 jo 

■ 8 

9 

C .8571 

10 . 95 C 0 

100 . c 

0 , 

0 , 

62,44 

0,443 

0.958 

53 o -2 

1145.6 

530.2 

1015.6 

0 . 

- 1015.6 

9 

_SJL_ 

PSl 

RADIUS 

PT 

TT 

tt.rei. 

_ES 

_J.S 

rhp 

PT/PTT 

TTZm E£)L_ 

L 

a 

m 

SL 


1 1 lOaO lA-iZC.2 26i 6 59 6 4p,io. «3 Zj“«l 


3 0i2D00 


5 U-AOOO lAT^yS? 
. 6 __lLt 5 Q 3 Q lA .. Q .0 

7 o<65oO l2»9S77 

8 


l5..9fi6e 27.131 

_L 5 ji 522 2 , 7 . 25 e_ 


636^70 

ft 3 <l.. 5 Q 


8 i 9 , 6 a 

B o 3; ^4 


27.1SA 631, 9o 786,62 

.26 j_9 1 3_ 6^ 6j Tju 7 p 9_,,0 6_ 

26,374 624,40 742,76 


.Uj-llaa—iaiPCjia ^ 25 i .?^9 62 , 4.30 ; 72 ai 3 ?. 

0,85/1 10f®6C0 25,345 6iS,4/ 7p4,’32 


22*524 

22. 726 

22.742 

^-Z2.Zai 
22,620 
_224 512 . 
22.335 

__ 22 « 2 ia 

22 «l 4 


618. 68 
_6llx56. 


0 . 07B26 

CjlQ03a_ 

6Q5.39 0™10l39 

_ 6 D 2 - 2 i 0 ^ 1017 ^ 

599,76 oTlQlBO 
_ 5 ? 7 . 43 _q;j.oi 7 i_ 
595,43 o'. 10;124 
_ 5 ?l 424 _oi_lOij 82 


1,8462 

-lJ,fl 548 


1 . 24 q 63 

.. 23 4 q 8 


0*7275 

n.79 p4 


1,22752 0.S415 

1.223 28 D 18 6 46 


1.8477 1,21827 o ;'8784 

■1^631. 3: . lx2J.23Ji lUlfi?8_ 

1.7947 1. 203011 0'8’23 

X 4 Z 664 0 , 892 ? 


6 595.08 o;ioi)45 . 1.7246 1,19238 0,8759 


0,95500 
n. 9550 0 
0.95500 
0.955 00 
0.95500 
0 . 955i/Q 
0.95500 
-IU. 9550 { 1 _ 
0.955.0 


SL 


PS! 


TPL C PR- 80 K CEL-T 


10 * 

-2 QilQJJIL 

3 O.2000 

4 9.3 000 


5 0,4000 

_4 

0.6500 
Jl 175(31^ 


0,062o9 0,988i 

jL*03867 C ,99i2 

O. 03 i 89 0.9V20 

0,03 06 2 Q. 99 i 9 

0 . 99 i 3 
’ioL. 
0,9bB8 


Dp ?0 


CZ/CZ 
.10 8 


0 , 03102 


0.275 1,108 1.3536 

°-^^ 2 _u. 3^5 _i,Q 32 _ 3 ^; 36£)5 
0.323 1.002 1.4639 

_ ^0.342 Q.,903 i.5628 

o: 963 ~h 6"747 


_SOyt)TY ft-AOG 


"57434 

0.435 


17.3500 
.16,6574_ 
16 . 901 ^ 

. I 5 i 3485 _ 


0.455 


0.03625 
0 . 0 44 n S 0 ,9668 


"074 S5~ 
0.476 


9 0*8571 0.05983 0 , 76 i 8 




14 . 67'55 

U, 31 3 _jt^ 9 4 j 1^ 784 4 l 3 . 968 p 

0.445 0.909 178986 i2,Bti86 

0 , 480 0 . BlO 1*0041 11_. 9444 _ 

0.532 0,869 rIco66 lo* 89 oO 


F-TAN 
522'.’o3 
-573, 23_ 
596.'44 
599 , ’81 
588,37 

.567; 3L 

527.'34 

496;oJL 


F-AXL Fi-COEr TrCOEF 


210«73 

-. 223 c 32 _ 

224i87 

226 178 


225,74 

-222i49_ 


22 li 59 

221}i5_ 


■4 49 ,’ 9 i 225120 


Px/Pt-I 1 . 8 ll 3 


EFF. 0.8565 
CQRR . flow 


Bt 26. 61’ 
i 3 S . 630 


■Kass_ave Raged, values 

63q.72 
,1PM 9 


su 
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FAN ROTOR HORIZONTAL PLANE SECTION GEOMETRY 


% 


.Radius 

Blade 

Camber 

Stagger 

Inches Cm 

Height 

Deg. 

Deg. 


17.72 45.01 101.4 -1.95 66^00 


17 . 66 

44.86 

100.8 

-1.82 

65.80 

17.60 

44.70 

100.3 

-1.68 

65.60 

17.52 

44.50 

99.5 

-1.49 

65.33 

17.46 

44.35 

98 .9 

-1.34 

65.13 

17.00 

43 . 18 

94.4 

0 

63.54 

16.00 

40.64 

84.6 

1.40 

60.31 

15.00 

38.10 

74.9 

2.15 

56.88 

14.00 

35.56 

65.1 

3.30 

53.89 

13.00 

33.02 

55 .3 

5.87 

50 . 28 

12, 00 

30.48 

45.5 

10.30 

45.87 

11.00 

27.94 

35.8 

18.03 

40.04 

10.00 

25.40 

26.0 

31.12 

32.37 

9.00 

22,86 

16.2 

50.05 

23.53 

8.05 

20.47 

7.0 

69.72 

14.49 

7.70 

19.56 

3.5 

76.05 

11.05 

7.34 

18.64 

0 

81.41 

7,49 

7.05 

17.91 

-2.8 

84.86 

4.63 

6.76 

17.17 

-5.6 

87 . 69 

1.81 


Rotor Stacking Axis: 

Axial Location Z = 3,84 cm (5.51 in) 
Radius (O.D.) R =44,65 cm (17,574 in) 

Radius (I.D.) R = 18,63 cm (7,338 in) 


Blade Edge Angles 


tmax 

C 

Chord 

In 

Chord 

Cm 



Solidity 

.0433 

3.825 

9.716 

65,35 

67.30 

1.512 

.0429 

3.808 

9.672 

65.18 

67.00 

1.510 

.0425 

3.791 

9.629 

65.01 

66.69 

1.508 

.0420 

3.769 

9.573 

64.78 

66.27 

1.506 

.0415 

3.752 

9.530 

64.60 

65.94 

1.505 

.0386 

3.627 

9.213 

63.24 

63,24 

1.494 

.0365 

3.417 

8.679 

60.49 

59.09 

1.496 

.0361 

3.245 

8.242 

57 . 48 

55.33 

1.515 

.0374 

3.153 

8.009 

54.70 

51.40 

1.577 

.0411 

3.080 

7.823 

52.16 

46.28 

1.659 

.0468 

3.029 

7.694 

49.73 

39.43 

1.768 

.0551 

2,977 

7.562 

47.66 

29.63 

1.895 

.0662 

2.927 

7,435 

46.11 

14.99 

2.050 

.0789 

2.912 

7,396 

44.58 

-5.47 

2.266 

.0930 

2 . 889 

7.338 

43.28 

-26.43 

2.513 

.0985 

2.885 

7.329 

43.05 

-32.99 

2.624 

.1041 

2.893 

7.348 

42.56 

-38.86 

2.760 

.1082 

2.908 

7.386 

41.89 

-42.98 

2.889 

.1120 

2.931 

7.445 

41.08 

-46.61 

3.036 

Ref. Z = 

0 at rotor hub LE 


Aspect Ratio 

= 3.34 


No. of Blades= 44 


i 


BOOSTER ROTORS CYLINDRICAL SECTION GEOMETRY 


Rotor 2 

% 


Radius 

Blade 

Camber 

Stagger 

^max 

Inches 

Cm 

Height 

Deg. 

Deg. 

C 

10.036 

25 . 491 

100 

23.35 

38.31 

.0396 

10.024 

25.461 

99.2 

23.21 

38.22 

.0400 

9.839 

24.951 

87.3 

21.43 

36.94 

.0453 

9.370 

23 , 800 

56,9 

23 .02 

33.69 

.0549 

8.884 

22.565 

25.5 

32.35 

28 . 19 

.0635 

8 . 490 

21.565 

0 

47.25 

20.54 

.0700 


Aspect Ratio = 2.054 
No. of Blades= 100 




Rotor 3 






9.683 

24.595 

100 

21.02 

40.38 

.0396 

9.671 

24.565 

99.1 

21.03 

40.23 

.0400 

9 . 507 

24.148 

86.7 

21.26 

38.24 

.0457 

9.094 

23.099 

55.4 

20,91 

34.91 

.0557 

8.679 

22.044 

23.9 

21.80 

31.41 

.0643 

8.363 

21.242 

0 

29.17 

26.84 

. 0700 


Aspect Ratio = 2.018 
No. of Blades= 118 


Blade Edge Angles 


Chord 

In 

Chord 

Cm 

Deg. 

/^*TE 

Deg. 

Solidity 

0.747 

1.897 

49.99 

26.64 

1.185 





49.82 

26.61 

1.187 





47.66 

26.23 

1.207 





45.20 

22.18 

1.268 





44.37 

12.02 

1.338 

1 


\ 

\ 

44. 17 

-3.08 

1.400 


0.651 1.61 

54 

50.89 

29.87 

1.263 




50.74 

29.72 

1.264 



j 

48.87 

27.61 

1.285 




45.36 

24.45 

1.346 




42.31 

20.51 

1.413 

1 


f 

41.42 

12.25 

1.464 


o 



BOOSTER STATORS 1 AND 2 CYLINDRICAL GEOMETRY 


Stator 1 

% Blade Edge Angles 


Radius 
I nciies 

Cm 

Blade 

Height 

Camber 

Deg. 

Stagger 

Deg. 

'^max 

C 

Chord 

In 

Chord 

Cm 

J*LE 

Deg. 

/^*TE 

Deg. 

Solidity 

10.213 

25.94 

100 

42. 49 

30.11 

.0701 

1.110 

2.819 

51.35 

8.86 

1.418 

10 . 205 

25.92 

99.6 

42.37 

30.11 

.0700 





51.29 

8.92 

1.420 

9.991 

25.38 

87.6 

39.16 

30.01 

.0660 





49.59 

10.43 

1.449 

9.456 

24.02 

57.6 

36.08 ■ 

28.64 

.0565 





46.67 

10.60 

1.531 

8.899 

22.60 

26.3 

39.10 

27.72 

.0470 





47.28 

8.17 

1.627 

8.435 

21.42 

0.3 

47.84 

26.91 

.0400 





50.83 

2.99 

1.717 

8.429' 

21.41 

0 

47.96 

26.90 

.0399 

\ 

f 



50.88 

2.92 

1.719 


Aspect Ratio = 1. 

596 











No . Vanes 

= 82 












Stator 

_2 










9.846 

25.01 

100 

34.13 

22.09 

.0701 

,765 

1.943 

39.16 

5.03 

1.805 

9.843 

25.00 

99.8 

34.11 

22.10 

.0700 

.764 

1.941 

39.16 

5.03 

1.804 

9.671 

24.56 

87.5 

33.05 

22.44 

.0675 

.749 

1 . 902 

38.97 

5.91 

1.799 

9.238 

23.46 

56.5 

33.10 

21.88 

.0611 

.712 

1.808 

38.43 

5.34 

1.791 

8.797 

22.34 

25.0 

36.80 

21.42 

.0548 

. 674 

1 . 712 

39.82 

3.02 

1.781 

8,447 

21.46 

0 

43.89 

20.53 

.0500 

. 645 

1. 638 

42.48 

-1 . 42 

1.775 


Aspect Ratio = 1.985 
No. Vanes = 146 



BOOSTER STATOR 3 


HORIZONTAL PLANE SECTION GEOMETRY 


Section Height (Pt) 
Inches Cm 

iC 

Blade 

Height 

Camber 

Deg. 

Stagger 

Deg. 

tmax 

C 

Chord 

In 

Chord 

Cm 

Blade 

*LE 

Deg. 

Edge Angles 

*TE 

Deg. 

Solidity 

1.30 

3.30 

105.5 

50.94 

19.09 

.0731 

. c4l 

1.628 

43.24 

-7.70 

1.718 

1.20 

3.05 

97.5 

50.58 

18.81 

.0716 

.630 

1.600 

42.94 

-7.65 

1.707 

1.00 

2.54 

81.2 

49.81 

18.39 

.0683 

.609 

1.547 

42.24 

-7,56 

1.685 

0,80 

2.03 

65.0 

49,02 

18.14 

,0649 

.588 

1.494 

41. 43 

-7.54 

1.663 

O.GO 

1.52 

48.8 

48.15 

17.87 

.0615 

.567 

1,440 

40.84 

-7.31 

1.640 

0.40 

1.02 

32,5 

47 . 44 

17.64 

.0580 

.547 

1.389 

40,56 

-6.88 

1.618 

0.20 

.51 

16.2 

47 . 7? 

17.79 

,0548 

.526 

1.336 

40.82 

-6.95 

1.593 

0 

0 

0 

49,20 

18.34 

.0519 

.503 

1.278 

41,45 

-7.76 

1.560 

-0,1 

-.25 

-8,1 

50.02 

18.66 

. 0505 

,492 

1.250 

41.78 

-8.24 

1.545 



Axial Direction 


TABULATED HORIZONTAL PLANE SECTION DATA 


BYPASS OGV - 90 65- SERIES AIRFOILS 


Section Height [Pr) Chord 


Section No. 

cm 


(in) 

cm 

(in) 

1 

-0.64 

( 

-0.25) 

3 . 858 

(1.519) 

2 

-0.25 

(• 

-0.10) 

3 . 879 

(1,527) 

3 

0 

( 

0 ) 

3.894 

(1.533) 

4 

.25 

( 

0.10) 

3.909 

(1.539) 

5 

1.02 

( 

0.40) 

3.967 

(1.562) 

6 

2.54 

( 

1.00) 

4.028 

(1.586) 

7 

5.08 

( 

2.00) 

4.107 

(1.617) 

.8 

7.62 

( 

3.00) 

4.153 

(1.635) 

9 

10 . 16 

( 

4.00) 

4.155 

(1.636) 

10 

12 . 70 

( 

5.0Q) 

4 .150 

(1,634) 

11 

15.24 

( 

6,00) 

4.163 

(1.639) 

12 

16.26 

( 

6. 40) 

4.150 

(1.634) 

13 

16.56 

( 

6.52) 

4.150 

(1.632) 

14 

17.02 

( 

6,70) 

4.138 

(1.629) 





Aspect 

Ratio =3.1 

^m/c 

Camber 

Deg. 

Stagger 

Deg, 

Solidity 

% Height 

.0496 

53.63 

19.94 

2.041 

- 3.9 

.0503 

53,07 

19.62 

2.025 

- 1.5 

.0508 

52.70 

19.41 

2.013 

0 

.0513 

52.32 

19 . 20 

2.004 

1.5 

.0531 

50.88 

18,42 

1.963 

7.7 

.0554 

49.47 

17.67 

1.911 

15.4 

.0612 

48.23 

16.95 

1.797 

30.8 

.0671 

47.97 

16.47 

1.687 

46.2 

.0736 

48 . 99 

16.61 

1.576 

61.6 

. 0804 

51.26 

16.88 

1.476 

77,0 

.0871 

56,93 

18.71 

1.393 

92.4 

.0899 

60.36 

20.02 

1.357 

98.6 

,0908 

61.39 

20.43 

1.346 

100.5 

.0921 

62.89 

21.05 

1.330 

103.2 



Axial Direction 



APPENDIX D. BLADE AND VANE AIRFOIL SECTION 


COORDINATES . 


Dimensions are in inches, angles in degrees, and areas in square inches. 


(Direction of Rotation) 



Axis 

Z = 5,51 in. 


Fan Rotor Blade Coc'dinate Orientation. 


REPRODUCIBILITY OP THE 
ORIQtNAL PAGE IS POOR 



ST^Ge i. ROTOR 

COORC SySTEM ORIQIN Z 1.50981 f! 0 , 
SECTjON nO 3 SEcTjOn CC 


MU 


^8 

Q, 

R„0 


44 

ET 4 

17,8000 


CHORD 

■ 3 i 7»14 

ARE* o;389f3» 


stugoer 

A>) 60 E 


CAMBER 

••1.68Z 


StJRrACE ARC-LENSTM--'-’?. 6 o 648 


SECTJqji C7Q, 

SyREaRSuRFXcE-SICtTON C;87 
BLADE AXIS 

stacking axis (Radial) 


• — RLPh* ■ 

♦o^oam 

•*0?00388 

S' 


•'IPS I LON 
0.00233 
0,01524 

■S: - 


SURPucE coordinates RITH ORISlfJ AT SECTION AXIS 


RT 

1 

2 

3 

4 

5 

6 

7 

8 
9 

i5 

11 

12 

13 

14 

15 

16 

17 ■ 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


T/C 

0.00448 
“0i 00448 
Oi 00448 
0,00446 
0i00448 
■■ 0i00448 
0> 00448 
~'0<00448 
Oi 00*19 
~ 0,00788 
0i00955' 
'■ 0.01118 
0,01279 

■ 0.01437 
0.01595 
0.01756 

'0,01949 

0,02141 

0.02328 

0.025o9 

■ 0.02687 
0.02B64 
0,03041 
0.03214 
0,03385 ' 
0.03556 

■ 0.03723 
0,03881 
0.04020 
0.0413i 
0.04209 
0.04250 
0. 04239 
0i04l6i 
0.03998 
0,03740 
0 .03401 
0. 03004 
0.02555 
0.02053 
0.01492 
0,00977 
0,00439-^ 

0 .00439 

0i00439 ' 


UPPeS 

ALPHA UPSlLOS 


•Oi88626 
~"0i888i3 
“0<889o3 
-0,88887 
-0i88747 
■"-0i88472 
•Oi88o57 
-0*87516 
-0*85962 
■ -0(82333 
-0*78698 
-0*75058 
-0*71413 
“-0*67764 
"0 I 64115 
-0i6o47i 
' -0 I 5610 0 
-0151726 
■■-0*47344 
-0*42952 

■ -0.30555 
-0*34157 

■ -0.29757 
-0*25352 

' -0 *20945 ■ 
-0,16538 
-0.12126 
-0*07699 
•'0*03242 
0*01262 
0*05822 
0*10448 
0 * 15i64 
0*20000 

■ 0*24984 
0.30136 
0 I 35429 
0*40823 

■ 0*4630? 
0*51882 
0*57560 - 
0*62373 

' 0*66821 “ 
0,67280 
0*67991 


1.92551 

1,92344 

1.9i943 
1.91353 
1.90581 
■ 1.89633 

i. 88511 
-- 1.87209 
1.83541 
-- 1.74985 
1.66444 

— 1.S7916 
1.49400 
1.40892 

"—'1.32388 
1.23863 
i. 13669 
1.03443 
■■" 0.932o5 
0.82956 

— 0,72693 
0,624l5 

— 0 .52125 
0.41823 

""0.3l5o5 
0.21164 
0.10794 
0 .00388 
"••0.10058 
-0.20349 
"■•0.31087 ' 
-•0.41666 
-0.32276 
••0.82805 
'-0.73466 • 
■0.83992 
•0.94461 
•i. 04879 
•1.15253 
•1.25391 
•1.35869 
•1.44444 
■1.52338 - 
•1.52742 
•1.52733 


' • LOWfiR 
ALPHA 

TO. 88626 

-**0.88466 

TO. 08265 
•0,88030 
•0.87770 
- ?0, 87494 

70.87go4 
•••0.86892 ■ 

10.03834 
-0.79623 - 
•0.75417 
70.71217 • 
40,67021 

■ -0. 62830 - 

■ •0.58638 •■ 
70.54442 

“-0.49404 ■' 
-0.44370 
“-0,39344 - 

-0.34327 

■ 70.29315 - 
70.24305 
-0.19296 • 
•0.14292 

“•0.09291 “ 
•0.04289 
0,00708 
0 . 05689 

■ 0,10640 '*■ 
0.15545 

“ 0-20394 - 
0.25176 • 
0*29868 
0.34441 
0.38866 
0.43122 
0.47238 
0.51253 
0.55i77 
0.59011 
0,62741 — 
0,65769 
"0,68506 — 
0,68487 
0,67991 


le Rad ""o .ob 22 S" 
TE RAO 0.0092s 


CENTER at alpha 
CENTER AT ALPH* 


*0988532 

0767626 


-UPSILON- 

UPSILON 


UPSILON 

1;92551 

1,’2568 

1.92490 
1; 92312 
1.92031 

- 1.’i644 
li’ll«7 

— 1*9o547 
1184531 
i; 76247 

1,67975 

• 1:59711 

1;5i453 
■■ 1.43201 

i;34952 

l, 267o3 
" 1|16798 
1; 06875 
““ 0,96932 
0,86967 
~ o;7698S 
0,66983 

0*56969 

0;46936 

— 0;36882 
0,26790 
0; 16673 
0,06490 ' 

-0i0377o 
•0.14124 
•0.2*576 
•0i35132 
•0,45785 
•0*56534 
•0.67374 
•0,78297 
=0.89280 
•1 . 00300 
=lill36o 
■1,22464 
•1;336i7 
•1)42961 
■ = i,5l6io - 
•1,52217 
•i; 52735 

“I. 92349 
.•1)51886 


S!a6e i, ROTOR Ng 44 

tooRD System origin z i.sotbJ ;; Oi mO o, et* o« 

SECTjON nO 6. SEcT^On FP. R^O IT.CoOO 

CHORD STIGGEB camber 

3i626t ■ ~ ' tSi544 ' 0,004 

AREA 0.321679— ' SORRABE ARC LENSTH” 7,27E37 


sEcTip^ c:o. 

StREaRsmRFACB -sECtION X^CT 
blade aI/ig 

“STACKING KXlS-fRADnn 


~ KLRHA UPSILON 

•0^0D032 0,00074 

^0703208 0,00959 



PT 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

19 
14 
£7' 
18 
£9 

20 
3 i 
22 

23 

24 
29 
24 

27 

28 

29 

30 

31 

32 

33 

34 
19 
34 

37 

38 

39 
4 0 

41 

42 
43“ 

44 

45 


■ surface coordinates fllTH ORIGIN aT SEcTiON AXIS 

, ■ yPPgB |_OWgR 

...... HPSILOS alpha UpSiLON 


0.00484 
— 0*00484 
0* 00484 
0*00484 
0.00484 
‘0*00484 
0* 00464 

■ 0.00484 
0,00426 

' 0.00769- 
0 . 009lo 

■ 0*0109o 

0i01187 
‘0.01320“ 
"0,01493 
0.01987 
0.01790 
0,01914 
0.02077 ■ 
0.02236 
0.02392 
0.02949 
0, 02709 ■ 
0,02861 
0,03014 
0 * 03i 64 
. 0 I 03311 ' 
0.03457 
0.03596 
0.03722 
0 i 038 i6 
0.03859 
0.03841 
0.03794 
0.03999 
0.03381 
0.03106 
0.02777 
0.02394 •• 
0.01994 
0.01446 ‘ 
0.00976 
0.00479 ' 
0.00479 
0.00479 


-Oi9o983 

— 0.91166 
•0 >91245 
’0.9i205 
’0.91033 

■ "0.90714 
*0.90243 
"0.89639 
"0.88149 

■ -0,84335 
*0i805l9 

■Oi767o2‘ 

"0.72880 

-Oi*9o52 ■ 

-0.65222 

"0.61394 

"0.96805 

-0.52219 

-0.47631 

-0.43037 

*0.38438 

-0'.33840 

-0.29241 

-0.24642 

-0.20039 

-0.15431 

■-0.108l9 
*0 . 0*204 
-0.01581 
0.030*9 
0.07763 
0.12543 
0.17425 
0.22421 
0.27528 
0.32740 
0.30045 
0.43436 

■■ 0.48914 
0.54485 
0160199 
0.64968 
0.49391 
0 . 69851 
0.70593 - 


1.82963 
1.82345 
1,8i93o 
“ 1.81323 
1.80932 
“ 1.79965 
1.78424 
“ 77101 

i. 73527- 
“ ' i , 65780 
1.57632 
“1,49402 
1.A1334 
— I, 33186- 
1.25043- 
1,16897 
" i. 07119- 
0.97327 
0*87530 
0*77723 
“ 0*67903 
0*58069 
0*48219 
0,38358 

- 0* 28488 

0*18606 
“ 0 * 08714 - 
-0*01193 

■ -0*11117 ■ 
'-0*21054 

■'■•0*30992 

oo*4q9i3 

■ -0*50799 
-0**0«3l 
--0*70398 ' 

- 0 * 8 0 0 88 
•0*89695 ■■ 
-0.99218 
•■1.08654 

■1 .18002 

•1.27*97 - 
•1.34902 
-1 . 41784 ■ 
■•1.42177 
•1.42125 


40.90983 
-0.90019 
•0.90610 
10.903*4 
-0.90088 
•0*89793 
•0*89480 
•0*89143 
TO. 0*120 
■40*81845 
■0.77572 
“0.73301 ■ 
•0.69Q34 
“0.64774‘ 
■"•0.60515 • 
10.56254 
‘•0.51137 
•0 I A6fli7 
' TO.A0899 - 
•0.35787 
•0.30678 
10.25571 
“0.20463 
-0,15356 
lO. 10252 
•0*05i54 
10*00060 ■ 
0*o5o32 
0.10114 
0*15i74 
Oi20i83 
0.25iq9 
' 0*29934 
0*34644 
0*39243 
0*43738 

■ 0.48139 
0.52454 

■■ 0.56683 
C.60618 
0*64830 
6*68129 

■ 0*71057 
0.71075 
0.70593 


LE rad 
TE RAO 


0. 0022T 

0,00961 


CENTER at alpha 

center at alpha 


4q19oB8o UPSILON 
0^70160 UPSILON 


r,02563 

■ 1.82386 
li 82510 

‘ 1.82334 
1'. 82032 
1,81659 
i;01t55 
l,8o543 
1,74948 

■ 1,*7033 
i;59li5 

• l,5ii94 
iiA3269 

“i;3534l 

■ 1.2T412 
1,19483 

* 1;09966 
1,00443 

■■■0.9o9o8 

Oi9l355 
“ 0 '.71785 
0,62198 
■- 0,52597 
0;42983 
' 0,33555 
0',237ii 
Oil4090 
0,04368 
“0 I 05343 
•0,l5o92 
•0,24892 
= 0 I 34752 

• 0 1 4 4 669 
• 0,54636 
= 0,64639 

• 0 I 74 663 
=0,04697 
=0,94733 
•1,04775 
=1,14826 
=1;24897 
“1 i 333 q9 
= r, 4 o 924 
•li 4 i56o 
=1,42125 

1, 823*1 
=1,41267 


ST^Ge i, ROTOfl 

COORD SYSTEM ORIGIN Z 1.S0981 R 0, 
SECT, ON NO 7 SECTION qj 


HO 


R„0 


44 

BT* 0 
16,0000 


CHORD 

3i416T 


stsgqeb 

A0i3lS 


camber 

“1.398 


AREA 0.2715*4 SjlRrACE ABC-LENJTM 6,85503 


^^CTjpig C70, 

STREAfisn”P*CB s^CflON -CiG? 

blade axis 

stacking axis (RADlAf) 


AIRhK" 
•0708053 
~ O'lOOOA*- 
07 

- 0 ? - 


-URSILON 

0,00026 

'0,00077- 

!• 


SURfACB coordinates BITH ORISIN AT SECTION AXIS 


RT 


.. — UP,, 

__ alpha 

'E®' ' 

ITRSlLOS 

i 

0,00542 

•0.93226 

i. 89264 


— 0.00542“- 

■-■-0.9340® - 

— 1.65028 -- 

3 

0*00942 

-0*93468 

ii645B4 


• 0.00542 

-0*93395 - 

1.63947 - 

9 

0(00542 

-0*93172 

1 .63122 


— 0, 00542 — 

- -0*92704 

• 1.62120 -• 

7 

0*00542 

-0.92227 

i.6o942 


0.00542 - 

" -0i9i5l6 - 

i. 59579 - 

9 

0.00676 

-0.9oi97 

1.97097 


11 
13 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

46 

41 

42 

43 ■ 

44 

45 

LE RAO 
te rad 


0.00944 

■ 0.01080 ' 

0.01217 

■ 0.01352 - 
~ 0. 01486 ■ 

0.01617 
0.01772 ' 
0.01926 

■ 0.02082 ~ 

0,02239 
0.02395 
0.02548 
‘0.02696 "■ 
0.02839 

■ 0.02 9 81 - 
0.03125 
0.03266 " 
0.03397 
0.03511 '■ 
0.0359b 
0.03645 
0.0364 0 
0.03578 
0.03462 
0.03296 - 
0 * 03086 
0.02831 
0.0252B 

0.02180 “ 

6.01789 
0.01352 
0.00955 
0.00540 ■ 

0. 00540 
0.00540 

0*0623®' 

0.01007 


*0.82125 

-0.78092 

-0)74066 
-6.70026 
-6.65990 • 
-6.61949 
-6.57097 ' 
-0.52244 
‘ -0)47393 
-0.42545 
-0.37696 - 
-0.32841 
-0.27979 - 
-0.23110 
-0)18238 
-0.13369 
-0*08496 ■■ 
-0.03607 
‘ 0.01300 ■ 
0.06265 

■ 0.11283 - 

0.16378 

0.21557 

0.26B19 

■ 0.32153 ■ 
0.37552 
0.43017 ■■ 
0.48550 

■ 0)54i48 
0.59810 
01.65536 “ 
0)70356 
- 0)74659 - 
0.75213 
0.75992 - 


1.49496 
1-41891 
“ 1,34281 

1 I 26668 

■ l.l9o53 
1.11438 
i. 03824 
0.94686' 
0.85547 
~ 0. 76405 • 
0.67255 
~ 0.88103 
0 .48952 
0.39800 
0.30650 
”0.21499 ■ 
0.12346 
6.63200 " 
-0 .85930 
-0.15032 
••0.24o9l 
"•0.33o90 ' 

•0.42()14 

■ ■0.5o855 ‘ 

*0. 59408 

'•0.68275 ■ 
•0.76859 
•0.85359 

••0.93774 

• 1 . 0210 ? 

•1.10366 

•1.18550 

■1.25312 

■ »1 .31286*' 
•1.31668 
'■li8i56o • 


— (.OHeR 
__alpma 

•0.93226 

70.93055 • 

•0.92831 

•0.92562 

76.92258 

•6.91927 

•0.91573 

70>91iB8 

'*0.88186 

-6.03752 

-0.79316 

“0,74878 

“0.70440 

■ *0.66002 

" -0,61568 - 
-0,57138 
”•0,51825 ' 

70.46512 

"•0.41198 -- 
70.35881 

■ -0.30565 ■ 
•0.25255 

•' -0.19952 
•0.14656 
~rO. 09362 - 
?0.04o65 
" 0.01226 - 
0.06503 
~ 0.11752 
0.16961 
■■ 0.22io8 -- 
0.27178 
'0.32164 • 
0, 37068 
-0.41898 - 
0.46664 
" 0)51365 - 

0.55997 

- 0,60564 
0 , 65j|68 
' 0.69506 -- 
0.73157 
-0.76380 -- 
0.76455 
-0.75992-- 


CENTER AT-AwPHa 
center at ALBHA 


•O.’iJine — UP3IL0N- 
0?75475 ■ UPSILON 


ypSiLON 

1;«5264 
-- 1;65296 
1165227 
1.65053 
1164769 
-■ 1,64370 
1,6385s 
1;63225 
1,58234 
1,5 o85B 
1;4347B 
I ; 36096 
1.26712 
1.21325 
” I ; 13934 

1,06539 
““ 0,97661 
O;0878O 

— 0.79896 
O'*7ioi0 
0,62120 
0'|53223 

- 0;443l9 
0,354o7 

■ 0,26494 
0;17565 
0i08676 

=0)00227 

=0,09128 

=0,18028 

=0,26933 

=0;35848 

“0 1 44772 
=0, 537c2 

■ =0,62632 
= 0 I Ti555 
= 0',8o476 
•0 ; 09398 
•0*90323 
=1,07252 
=1,16180 
=l ) 23640 

-■1,30256 

=1;3o927 

■ =1,3i560 

-1;65o 57 
•1 ,3o69* 


SI^Ge i,__ ROTOR 

COORD SYSTEM ORIGIN Z 1.50961. R~0, 
SECT, ON NO ♦ section jj 

chord BTIGCEB 

8.1525 •: 58,885 -- 

AREA 0.25iSiA SORrABE' ARC 


Ng 44. _ 

^ _0,_ ETA 0 

RhO 14,0000 

CAMBER 
3,300 

IEN6TH - 6,52891 


SECTl.,j C7G, 

StREAMsmRFACE ^{ECtTON c;Gy 
blade a!<I5 

-stacking •AXTS-fRADI-AL-J 


“ ALPH A ’—- ups I LON 
0'?o 8024 -O.OOOll 
*0?05096 -0;00052 

OC 0. 


PT 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 - 

£5 
16 
17 
iB 
19 
2b 

21 

22 

23 

24 

25 

26 
27 
26 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
AO 

41 

42 

43 

44 

‘S 

le rao 

TE RAO 


r/c 

0.00655 
0(00655 - 
0 .00655 
- 0 i 00655 
O'. 00655 
■ 0.00655 
0.00655 
0(00655 
0.00816 
“ 0*00978 ■ 
O.OllAl 
0.01301 
0.01459 
- 0.01614 
—0.01768 
0. 019i9 
0.02o98 
0.02274 
0. 02445 
0 . 02611 
0.02773 
0, 02932 
0 i 03o9l ■ 
0,03250 
0.03400 
0.03531 
0.03636 
"0.03706 
0,03741 
0.03742 
' 0 < 037(j6 
0.03629 
0,03509 • 

0.03349 
0*03154 • 

0*02929 

0.02673 
0. 02386 
0.02069 — - 
0.01724 
0. 0134B - 

0. oiolo 

0.00658 -■ 
0. 00658 
0.00658 - 

0,00289 

0,01118 


surfacs coordinates bjth oRibiNat Section axis 

UPPeB 


ALpHA 

.0,98426 

0i98603 

'0,98623 
■—0,98472 
'0.98136 
'0.97590 
'0.96853 
'0|959i6 
'0 . 95q36 

0'9o594 

'0 I 86153 
“”Oi8l7o8 ■ 
*0.77260 
'“'•0.72810" 
'.0.68356 
*0.63901 
*0f 58550 
*0i53i95 
*0.47834 
*0.42468 
"■*0.37095 
*0. 3l7i8 
-0.26339 
'0.20959 
- -0.15567 • 

*0.10l5o 

'*0.04697 
0.00801 
0.06345 
0.11933 
“ 0.17571 

0.23262 
0.29006 
0 I 34Bol 
0 . 4o638 
0 I 4 65i 2 
0(52422 
Ol 58370 
0.64352 ■ 
0.70366 
~ 0.76417 
0(81490 
■■ 0(8587 0 “ 
0 I 86538 
• 0.87387 


__ UpSJUON 

1.38157 

— 1.37870 
1.37372 

" 1.36672 • 

1.55701 
' 1.34710 

1.33462 
1.32026 
1.3Q692 . 
1.23974 - 
1.17259 

— 1.10546 - 
1.03841 

0.97137 - 

0.90436 — 

0.83738 
0.75704 “■ 
0.67673 
0.89644 
0.51620 

— 0.43599 -- 
0.35585 
0.27577 
0.19582 

■" 0.116,12 — 
0.03681 
■ *0.04199 ' 

“0.12018 

' *0 . 19770 ■ 

•0.27451 

-»0.35o52 ’ 

*0.42565 
•0*49982 - 

••0-57301 
'•0 .64526 — 
•0.71662 
■■•0.7871 2 -- 
•0.85679 
•0.92568 — 
•0.99380 

'•*1.06114 •“ 
•1.11663 
■•1.16404 — 
•1 . 16752 
•i. 16516 ’ •■ 


I OWpH 
ALpHA 

.0.98426 
--0.98240 
-0.97983 
-0.97664 
-0.97294 
•p . 96880 
’ -0.96428 
■■ rO. 95926 
-0.92937 

--0.88077 
-0.83218 
40.70362 
- 0 . 735o8 
"•0.68657- 
" ro,638o9 
40*58964 
"*0.53153 
40.47347 
' rO. 41546 ■ 
TO. 35751 
'-0. 29963 
?0.24t78 
•0.10395 
40.12614 
- • 0 1 06844 
• 0.01100 
0.046o8 
, 0.10271 
' 0.15889 
0.21462 
0*26986 
0 * 324 57 
0.37874 
0.43241 
"■ 0.48564 

0.53852 

D.-59103 

0,/a43l7 

- 0.69497 
0.74644 

- 0.79754 - 

0.83983 
■■ 0.87613 • 
0.87803 
0.87387 


-center at alpha 
center at alpha 


»0v96Z7i 
• 0C8669O 


UPSILON 

UPSILON 


UpsILON 

1,38157 
" 1,38211 

1.38161 

- 1,37999 
1;377i9 

- I ; 37315 
1;36783 
i; 36132 
1,32178 

-■ 1:25757 

i;i9338 

- - Hl29l9 

lj06499 

- 1,00080 
O', 93660 
o', 07238 

■■ 0,79530 
O|7i0i8 
0,64102 
o;5638o 
" 0,48656 
0,4o9J4 
0,33222 
0;25525 

■ 0,17840 
0,10164 
0,02492 

•Oi 05178 
•0,12841 
•>0,20494 
•0|28134 
• 0 I 3 57 6 0 
=0,43368 
•0 , 5 q956 
=0(58520 
=0,66058 

=0,73575 

=0 , Bio75 
=0,8 8559 
=0,96026 

■ =1, 0348'0 
=1,09685 
=1 , 15015 
=1,15748 
=1, 16516 

1,37937 

=1 ,13644 


REPEODUCffilLm - OP THP 
OEKiNAL PAGE IQ POOI ? 


_S!*Ge i._ ROTOR 
COORD system origin Z 1.50981 R 0, 
SECTjOn no 11 SECTjOn LL 

chord STRGGEB 


N 


8 


Mt) 


S.0290 

AREA cl 289359 


49,867 


0 . 

R„0 

CAHBRR 

— io:soo 


44 

eta 0 

12,0000 


SBRrACE-ARC-teNBTH 6;c9489 


SSCTljjnj C76, 
S,T”^*HsnRr»CS-sCCjT0irC7G9' 
SLADE AgiS 

stacking axis (RADIALi 


"~»LPHA UPS ICON 

0900024 •0.00019 

'•OCOIOOO 0^00349 

09 0. 

“07 0, - 


SURFjce coordinates »ITH ORISIlSi at section 


RT 

i 

i- 

3 

4 
9 
6 

7 

8 
9 

10 

11 
12 ■ 

13 

14 ■ 
i 9 - 
16 
IT 

1 8 

19 

20 
21 
22 

23 

24 
39 
26 

27 

28 

29 

30 

3 1 

32 

33 

34 

3! - 

36 

37 

38 

39 - 

40 

41 - 

42 

43 

44 

45 

LE RaD 
TE RAD 


__ T/C 

0,00764 
— Oi 00764 - 
0.00764 
~ 0. 00764 
0,00764 
0,00764 
0, 00764 
~ 0.00764 • 
0,01015 
■ OiOl26o 
0, OISOO 
- 0,01736 
0.01973 
■■ Oi 02211 
0.02448 
0.02679 
0.02950 ■ 
0.03213 
0,03469 ' 

0 .03704 

0.03924 

0 . 0^123 

0 , 04301 " 

0,04455 

0. 04976 • 

0.04655 

0. 0468l 

0 , 0465o 
0,04566 ' 
0,04438 
0.04275 
0 . 04 o 67 
0.03878 
0,03649 
0.03403 
0 .03138 
0.02852 
0.02543 
0,02210 
0.01850 
0.01465 
0,01126 
0.00778 ■ 

0 ,00778 
0 . 0077 b 


alpha 

-1,09807 

-1,05983 

-1.05964 

■ ■ -1. 05736 

■1*05283 

-1,04991 

-1*03655 

1* 02491 ■ 

-1.01921 

■ -0196924 
-0*9i9i9 
“0 . 86910 
-0*8i899 

— -0*76890 
’■ -0.71877 • 
-0*66856 
- 0*60821 
-0*54774 
~ -0*48714 ' 
-0.42636 
“■ -0,36535 - 
_ "0 i3o4o6 
-0*24249 
•0118062 
■" -0 1 11834 
•0*05597 
T" 0>0078o 
0*07i8l 
■"0*13639 ■ 
0 *20146 
0.26687 
0.33254 

■ 0.39841 
0.46445 

■ 0.53064 
0,59699 . 

■ 0*66349 
0.73017 

0*79702 ’ 

0*86406 
■' 0*93130 
0 I 98745 
■■■" 1.03400 ■ 

1.04222 
1*05113 


• UPPeB 


UPSILOR 

1.17268 
-- 1.16529 
1.16362 

- 1.15588 

i.l46i8 

- 1.13463 
1.12129 

"• 1.10601 
1, 09863 
1 . 034 i 6 
0.96992 
0.9o99o 
0,S4aio 
' 0.77850 

— 0,71518 - 
0.65220 

~ 0.97709 ■ 
0.90252 
0.42853 
0.35317 
“ 0 . 28250 - 
0. 21059 
" 0.13950 " 
0.06930 

- 0. 00016 - 
• 0.06777 
■ 0.13434 - 
• 0 . 19^49 

‘■•0.26311 
• 0.32936 
■" - 0.38635 ■ 
• 0 . 446 ll 
• 0.90468 - 
■ 0 .96209 
••0.61032 • 
• 0 . 6.7335 
■•0.727i6 
• 0.77975 
• 0.63115 
■0.89141 
• 0.93059 ■ 

• 0.97080 

■I .00365 

• 1.00995 

■ 1.00132 


loheR 

ALPHA 

rl, 05807 
---1,05601 
•1 . 09306 
•1,04930 
•1.04484 

- • 1,03977 
^1' 03411 

- • 1.02776 ■ 
TO. 99577 

•0.94oi8 
“ 0.88465 
- 0.82918 
50.77371 
• 0.71823 
■» 0, 66279 - 
• 0.60743 
■^•0.94110 - 
- 0.47486 
"? 0. 40879 - 
• 0.34289 
• rO. 27722 -- 
• 0.21102 
tO. 14671 -■ 
tO, 08190 
- 0.01748 
0.04643 
0 . 10975 -- 
0.17242 
' 0,23492 “ 
0.2’6i4 
■ 0.35741 ■ 
0, 41643 
~ 0. 47924 
0.53989 
0.60038 
0.66072 

‘ 0.72o9o ■ 
0 , 78 o 9 l 
0.84074 * 

0.90038 
0.93983 
00925 
1.05014 

1.05395 

l. 05 il 3 


O'l 

0.1 


S 314 - center at alpha— 

1278 center at alpha i^J 


96q4 

*131 


- UPS I LON 
• UPS I Lon 


AXIS 


UPSILON 

i;i 7268 

- 1.17350 
1,17321 
1,17175 
1 ; 169 o 3 
1.16497 
1;15956 

-- 1.15287 
1.11854 
1.05892 
0.99944 

■ 0.94014 

0,08108 

- 0,02231 
■■“■ 0 ; 76381 

0 | 7 o 558 
“■ 0,63608 
0,56702 
0.49837 
0143013 

0;36226 

0 j 29480 
“ 0 22780 
0 16129 

■ 0.09523 
0102956 

90,03579 

•o;ioo 07 

• 0 il 6562 

“ 0.22995 

“ 0.29375 

“ 0,35694 

“ 0,41947 

“ 0,48130 
“ 0.54242 
“ 0 , 6 d 284 
“O', 66261 
“ 0,72179 
“ 0,78047 
“ 0,83072 
“0 89660 
“ 0;94457 
-= 0, 98407 
“ 0,99160 
•l ’,00132 

lil7n20 

- 0;99323 


ROTOR Ng^ 44 

COORB system origin Z 1.S0981 R 0. MU 0, ET* 0, 

SECTjOM no is section NN R„0 10,0000 

CMORD STIGGER CAMBER 

2.9273 32,373 31,122 

AREA 0.38J241 . " SURfABE ARC USNOTH 5,96972 

- - ■ AI.RHA - ■ UPSILON - 

SECTj-j, C7C. *0^ 00101 0,00086 

SyREAhS,.RFACB section C\,G? *0002588 0,00188 " 

BLADE AX!S 00 0, 

-stacking AXJS-tR Am AID 0» 0; 


surface COCRdiNaTeS fliTH origin at section axis 


0.00885 

0 . 00*85 
0,00885 
0.006*5 
0.00805 
0 . 00005 
0 .00885 
0.00005 


UPPsB 

ALPHA OPSILOfJ 


O.TSoSl 

0 

0.9A007 
0.93l<7 
0 . 92080 
O.’O02O 

0.89373 


*1i19472 
■ '1119656 
"1119605 
'1,19300 
-1,18750 
-1.17915 
-1.16799 


9 

0.01315 

'1.14894 

0.87101 

io * 

" 0 .01739 

•"1i09i32 — 

—0.80394 

ii 

o'.02154 

" 1 . 0335i 

0.73*17 

12 

0.02557 ■- 

-0,97548 

— 0.67372 

13 

0.02951 

'0.91725 

0.01060 

1 4 - 

-0,03340 

-Oi85884 

--0.54880 

l5 

• 0,03722 -- 

-0.80026 

0.98834 

16 

0.04o95 

'0.74147 

0.92926 


0.OA521" 
0.04916 
0,05277 ■" 
0 , 05604 
0 . 05895 
0. 0*145 
0.00348 
0,06496 
0.06586 
0 ,06617 
0.00588 - 
0 . O05oi 
0 .0*353 
0.00104 
0.03926 ■ 

0 t 0565o 
0, 05338 
0 . 04993 
0 . 04 6 i4 
0, 04203 
0. 03763 
0. 03300 

0 .02817 - 
0.02316 

0.01800 

0.01360 
0. 00*14 — 
0, 009i4 
0,00914 - 

> o’.oos^f 

> 0,0149s 


u < w r u 

'0.59924 
-0.52744 
'0.45517 
"0.30242 
'0.30910 
'0123542 
'O.I6111 
'0.00624 
"0r01084 
■ 0.00505 
0tl4l38 
0 I 2l8o7 
0 I 295o7 
0'37231 
0.44973 
0.52728 
0.60490 
• 0.60255 
0i76ol6 
0.03770 
0i9i5ll 
0.99237 
1 . 0*946 
■1.14639 - 
1.21Q35 
“1.20001 ■ 
1.27041 
1.27763 


0.36028 

0.29338 

0.22865 

0.16607 

0.10569 

0.04757 

■• 0 » 008 l 8 

• 0.00148 

- •0.11230 

• 0.10000 

■ -0.20037 
•0.24963 
'“•0.29040 
•0.32877 
■ • 0.34482 
•0 • 39862 
•0.43020 
•0 r45952 
"0.40061 
•0 . SllSO 
•0.53430 
•0 I 555i6 
•0.57418 
'0.89149 
“'•0.60713 
•0.01096 

- '0.82758 • 
“0.82594 
• 0.81683 


CENTER at alpha 
CENTER at alpha 


*17i82i5 

1‘:25324 


LOHgR 

ALPHA 

irl. 19472 
•1.19243 
-1.10906 
'1.10471 
•1.17945 
Tl. 17330 
•1.10653 
71.15877 — 
•1. I2l44 
• 1.08532 - 
•0,98940 
•0.92370 
-0.358.20 
-0.79267 — 
•0.72772 
•0 • 66277 

•0 . 5 B 518 ’ 

-0.50004 
•0.43136- 
'0.35515 
•0.27942 -■ 

TO. 20417 

•0.12945 • 

•0.05529 
0,01033 - 
0.09i4i 
O-104OO " 
0 I 23616 
0.30794 • 
0,37942 
0 • 4 5 0 6 7 
0.52173 
0.59266 
0.66352 
0.73435 
0.80522 
0.07616 
0.94723 
1.01846 - 

Ii«0984 
1.10140 •" 
1.22117 
1.20621 — 
1.27561 
1.27763 

UPSILON 

UPSILON 



72 


HU g 


ST^Qg i, ROTOft 

C8OH0 SYSTEM ORIGIN Z 1.50981 R 0, 


44 

ET* 


SecTjON no H SecTjOn hr _ R„0 9,0000 

chord stisgqer camber 

2,9120 * 2S,S34 — 50,045 

AREA -o;457945 -• SORFAGE ARC LeNSTH 6,05926 


SECTIqj, cvg, 

StREaHS RFACE SSCTtON'CkOO 
BLADE AKJS 

stacking axis (RADIAL) 


HLPHA ORSitON - 

OCOfllTB ■»0iO008l 
' •0f03344—- 0, 00332" 

Of 0, 

■o: • - 0. 


surface coordinates BITH ORJSIS at section axis 


RT 

1 

2 

3 

4 

5 

6 
1 
8 
9 

10 

11 
12 

13 

14 

15 

16 
IT 
iO 
f9 ■■ 
2C 
21 
22 

23 

24 

25 

26 

27 

28 

29 ' 

30 

31 
■ 32 

33 

34 

35 

36 

37 

38 

39 
<0 

41 

42 

43 

44 

45 




diOOR46 

— 0.0094ft 
Or od94« 
~ 0» 00*44 
0i00*46 

■ 0t00946 

0«00946 

“ 0*00946 
0*01458 
“■ 0*01*69 
o'. 02475 
0*02*76 
0l 03467 
0*03945 
— 0.04408- 
0 * o 485 i 
0.05358 
0.o5«35 
■"0.06275 - 
0 . 06671 

0 . 0 7 0 2 0 
0 .07316 
0 I 07556 
0.07734 
0.07845 
0. 0788* 

■ 0 . 0786i • 
oi 07745 

0 I o74oA 
0.07383 
0. 07io4 
0.06772 
0.0639o 
0.05961 
0 • 0549 o 
0.04984 
0.04444 
0 . 03674 
0.03278 
0.02465 
0. 02032 
0.01498 
0.00*41 

0* 00*6l 
0. 00*6i 


- UPPeU 


-1*28706 
—1*28893 — 
-1.28825 
—1*28489 — 
-1*27869 
-1*26950 — 
-1*25728 
-1(24219 -- 
-1*23732 
-1(17529 - - 
-1(11302 

- 1 * 0 5 0 4 8 
-01*8765 
-0(’245o ■ ■ 

',0(86101 

-0(79715 
•0(72006 — 
-0(64243 
-0(55420 
-0(48533 
-0(40581 
-0 ( 32565 
-0)24485 - 

•0(16345 
•0(08146 — 
0(00104 
0(08400 
0(16738 
0)25111 
0(33512 
0(41932 •“ 
Oi 5 o 358 
0(58783 - 

0(67200 
0(75599 - 

0(83968 
0(92297 " 

1(00571 
1(08785 
1(16942 
l ( 25 o 4 l 
1,31746 
l*37o32 — - 
1(37894 
1(38276 


WPSiLOtJ 

o.Ssiis 

-- 0*63376 
0.82694 

— 0 . 8 i 784 - 

0*8o661 

- 0,79340 
0.T7827 

-■ 0.76105 
0.75359 

— . 0.63725 

0 I 82 o 9 o 

— 0.55655 

0.49421 

■ ()>il3385 
0.37548 - 
0.3l9o7 
0 . 25390 ' 
0.1*148 
0.13189- 
0.07522 
0.02153 

•0 .82no 

•0 .07657 - 
•0.12081 
•0.16175 - 
•0. 1**35 

■ -0-23359 ■ 
■O' 26450 
'0.2*307 • 
•0.31632 

-•0.33721 - 
•0.55474 
•0.36886 
'>0.37965 
•0-38704 
•0.3*1 0 4 
•0.39169 
•0.389Q6 
•0.38335‘ 
=0.37475 
=0.36337 

:0. 35183 
’0.34i4o ■ 
-0.83636 
'>0.32457 


LE Rad 
TE Rad 


0.00409 

0.01572 


center at- aLEHa- 
CENTER at aLBHa 


•1?284iB- 

lf367xi 


- loheR 

ALPHA 

•1.28706 

"•1(28463 

tIi28103 

-1.27633 

•11*27063 

■ n * 284 oi 

•1 , 25649 
51.24795 
• 1.20802 
•1.13644 
• 1 • 0*510 
•0.99403 
-0.*2325 
•0.85278 - 
-■(0, 78266 - 
rO. 71291 
“•0,62966 - 
•0.54696 
•0.46486- 
•0.38339 
tO. 30258 - 
:0. 22241 
'-0*14287 
•0,06394 
"0.01441 •- 
0.0*224 

- 0 . 16962 • 

0.24657 
0.32317 
0.39950 

• 0.47564 - 
0.55171 
0(62779 
0 . 70396 

0.78050 

0.85694 

■ 0.93399 - 

1.01159 
1,08978 - 

1.16854 
1.24788 - 

1.31445 

1.36753 ■ 

1.37738 

1.38276 

-UPSILON- 
UPSILON 


UPSji,ON 

0,83816 

- 0 i 83 * 4 S 
OJB3948 

- ■ 0.83824 

0.83562 

- 0.83152 
0.82594 
0,61899 
0.78632 

- 0,72941 
0.67475 
0',6223o 
0157196 

- 0152362 
-■ 0,47715 

0,43245 

- 0130106 

. 0,33204 

“ 0128525 

0,24059 

■ Cjl9796 
0 15726 

“ 0.11839 
0106122 

■ 0104562 
0,01147 

■ '>0*02130 
=0l 05270 

■ =0.08269 
•0')U120 
=0,13815 
=0,16348 
=0,187i5 
=0(20*04 

=0i22’o2 

=0(24695 

•0126276 

=0127641 

=0*26790 

=0,29721 

■ =0* 3o425 
=0,30831 
•O*3i030 
•Ol3i4ii 
•0132457 

- 0*83532 
• 0*82601 


44 


SI^GE 1, ROrOR 

COORD SYSTEM ORIGIN Z 1.90981 R o/ 
secTjOn no i5 SEcTjOn 00 


N 


B 


MO 0, 


CHORp 

“ Z.88B9 • — 

— ARE* o'.938*30 


ST'AGGEB 

-IA.489 


„ 

CAMBER 
— ' 69,717 


£T6 0 

8.0900 


SDRFABE-ARC LENdTH- 6-,22392- 


SfcCTI- C;g, 

s.kears rf*ce see.TON-rv03 

BUOE A^IS ^ 

stacking A*I*"fR*Dmi 


-• At-RHA ■ 
«0;0fl223 
-•OfOA34B- 
OC 

—a*-- — 


-upsaoN - 

•0,00003 

■*OV01300- 

0, 




SURFACE COCRdINATES fllTH ORIGIN aT SEcTioN AXIS 


PT 

1 
2 

3 

4 

5 

6 
7 
6 
9 

10 

11 
12 
13 

i* 

19 
16 
n 
18 
19 
2b 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
3? 

38 

39 • 

*0 

41 

42 
*3 - 
44 
49 

LE rad 
TE RAO 


T/C 


01013 
01013 

oitiis 
01013 
01013 
01013 
O10l3 
01013 
01606 
02200 
0 27 fi 7 
03366 
0393S 
04900 
09045 
05571 
06 i 73 
067*0 
07266 
07744 
08l7o 
08537 
08839 
09o7i 
,09225 
0.09297 
0.09285 
O.o9l9o 
0i09017 ' 
0.08765 
0.08446 ‘ 
G; 0*0 56 
o'. 076Q3 
O.OTo’i 
0.06523 
0. 05902 
0.05236 
Ol 04532 
0.03799 - 
0.03044 
0.02276 - 
0.016?9 
0.00979 “ 
0.00979 
0.00979 


0,00448- 

0.01996 


AlpHA 

-1.37081 

-1.37273 

-l|37i89 

-Ii 368 i 6 

-1.36137 

-1.35138 

-1.33814 

"l'32l8l 

•li3lB9o 

•Ii254l6 

-1.18906 

-1112359 

-1(05774 

-Oi99l4B 

-0(92480 

-0(05764 

-0(77639 

-0(69436 

-Oi6ll5o 

-0.52781 

-0.44329 

-0(35798 

-0.27194 

-0(18518 

■-0( 09775 • 
-0(0097i 

* 0(07887 
0(16784 
0.25708 
0(34643 
0.43575 

0(52497 

0.61394 

0(7o295 

■ 0 ( 79 o 65 - 
0.87804 

■ 0(96492 
1,04978 

■ 1(13374 - 
1(21689 

■ 1(29912 - 
1,36620 

■ 1 ( 6204 ? - 
1(42665 
1(42592 


UPPE8 


UPS 


ILOB 


0,73284 
- 0.72907 
0 ■ 72000 
0'7lll5 
0-69931 
-- 0.68943 
0.66956 
0 ' 65 i 53 
0.64838 
0.57965 
0.51333 

■ 0.44945 
0.30796 

'■ 0 . 32890 

■ 0.27220- 
0.21785 
0-15973 
0.09701 

■■ 0.04183 
=0 . 00967 
• *0.05737 
•?0. 10117 
■’0.14099 
•0.17672 
•0.20825 
•0.23947 
■ •O . 25830 - 
•0 > 27466 
•0.29p52 
•0.29986 
■•“0.30464 
■=0 .So463 
•0.3oo37 
•0.29ii6 
•0.27703 
•0.25784 
•0.23393 ■ 
•0 . 20423 
=0.17026 
•0.13147 
■^•0.08485 - 
■=0.04942 

'•0. bioii- 
■O.0O22O 
0-01032 • 


■center AT-M.BHA 
CENTER at ALCH* 


41?36760 

It4il69 


- uOHER 
ALpHA 

, 1.37081 
•1,36823 ■■ 
•1.36438 
-1.35933 
-1,35318- 

•1,34600 

•1. 3378i 
'’1.32848 
-1.28776 
Tl. 21254 
•1. 13768 
-1. 063 i 9 
“0.98908 
•0.91537 - 
■;0, 84209 ■ 
-0.76929 
■-0. 68259 - 
-0.59666 
~-0. 51157 - 
-0.42731 
*0.34388 
ro. 26123 
:0. 17932 - 
•0.09013 
**0.01760 
0.06231 
0.14169 -- 
0.22067 
0,29939 
0.37799 

■ 0.45662 • 

0-53536 
0.61435 
0.69368 

*- 0.77353 -- 

0.65410 

- 0.93558 - 
1,01827 
1.10226 - 
l.l87o7 

- 1.27280 — 
1.34567 

- 1.40630 --- 
1.41702 
1.42592 

UPSILON 
UPS! LON 


UpsU-ON 

0J73284 
0(73426 
0(73443 
0.73326 
0,73065 
0,72652 
0 . 72005 
0',7i377 
o|68283 
0,62766 
0.57528 
0152569 
0|47868 

- 0,43426 

- 0 ; 39219 
0135234 
0[3o736 
0,26540 

“ 0I22636 
Ol 19oi8 
0115666 
0112564 

- 0109695 

0l0704l 

- 0,04587 
0 I 02323 

■ 0)00244 
•0,0l65o 
•0,03352 
“0)04857 

■ “0(06156 
=0,07236 
“0,0Bo79 
“0(08652 
“0,08938 
•0, 08904 
=0,085o9 
“0)07710 
“0,06516 

•OI04874 
•0102661 
•0) 003o9 
0,01822 
0101022 
OlOio32 

0)72982 

0,00321 


BBPRODUCIBILrrY OP raE 
OBiatNAL PAGE IS POOP 


SliQg 


RDTOR 
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COORD SVSTEH ORIGIN Z 
SECTjON nO 
CHORD 

2.8931. 

ARE* 0,611345- 




NO 


Section so 

8TWGOER 
— ?;493 — 




J T * _p , 

7 i 340 e 


CAH8ER 

•ei-,414 


■SORrACE- ABC-UfNdTH 6,43520 


sECTjjj. era, 

STREARg rRacE-S^CtION-C-.O? 

BLADE AXIS ^ 

Slacking axis *«Rao!aL-» 


alpha UPS J LON 

40J00399 -0,00222 

•0^09845 ^*0.02347 

OC- 0, 

-- oc 0, - 


3URPACB coordinates »ITH CRISIS AT SBcTjON AXIS 



— ..... — . 

•- • --UPPEB 

PT 

T/C 

ALpHA 

UpglLOS 

i 

o,oio4e 

.1,42782 

0,64410 

■ 7 

0,01048 

--1(42931 — 

■■ o**S9o8" 

3 

0'01048 

-1(42838 

0.*3l5o 

4 

0,01048 -- 

-lf42444 

- 0'82l5o 

9 

0 , 010^8 

*1(41730 

0>6n925 

6 

A 

-■ 0 i 010<8 

*11 40683 

~ 0.5«492 

7 

0.01048 

-1(39298 

0.57855 

6 

• 0,01048 

-1(37589 — 

-• 0.55996 

9 

0,0l7i2 

* 1,37445 

0.55839 

io 

'•*■ 0(02375 

"1(3o825 •• 

-0.48956 

ii 

0,o3o32 

-1,24166 

0.42361 


12 

13 

14 
19 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
S3 

34 

35 

36 

37 

38 

39 


Oi 03682 
0,04324 
0,04956 
' 0,0597i 

0.06164 
0,06644 
0,07486 
' 0,08082 

0.08627 

o;o 9 i 14 

0,09534 

' 0,0988o 

0,10145 
0.10322 
0.10408 
■ 0,10399 
0.10297 
0.10103 
0 , 098i 9 
0,0’43i 
0 • o 9 o 04 
0,08484 

0 • o 7894 
0.07238 
0,06520 
0.05755 
0 ,04954 
0.04125 


:1)17459 

•lllo7o5 

■■•1i039o2 

■ -Ot97o46 
- 0 i 90128 
-Oi8i735 
-0(73245 

■ -0,64659 
-0(55984 
-0(47225 
-0(38372 
*0(29425 
-0(20392 
-0(11285 
-0(02116 

~ 0(07q98 
0(16340 
■' 0 ( 25617 
0(34897 
" 0 '44168 
0(53429 
0(62654 
0 ' 7 i 795 
0(8o821 - 
0.89716 
0(98463 
1(07023 
1(15405 


<0 

0,03275 

1,23685 

41 

0,02415 

1,31847 - 

42 

0,01695 

liS8475 

43 

0.00975 

1,44oo8 

44 

0,00975 

1(44448 

45 

0.00975 

1,44108 ■ - 


0 .S 6 q 50 
0.30013 
0.24J41 
“ 0.18732 
0 . 13486 
~ 0.07543 
0.02001 
~-0. 03138 
-0 .07847 
•0.12139 
•0. 16005 
' *0.19422 
•0.22374 
‘ -0 . 24842 
-0.26813 
"•0.28275 
•0.29219 
" -0.29636 
••0.2’3l3 
’-0.28837 - 
•0.27382 
• 0 * 257 i 8 • 
•O* 23222 
■ *0.20080 
•0.16262 
' •0.11826 
••0.06739 
"0.01066 ■ 
0 . o 5258 
' 0.12410 
0.18938 
— 0.24583 
0.25492 
•0.26664 . 


LE Rad 
T f Bad 


0,00461 

o’, 01580 


CENTER at 
CENTER at 


-ALOHa- 

ALCHA 


•l?4as89- 

1?42880’ 


LOWER 

ALpHA 

:i, 42732 
“Tl. 42465 • 
fl<42064 

- 51.41537 
71,40892 

- 51.40137 
•1.39273 
•1,38288 
•1.34i83 

••1.26443 

-1.18747 

•l.lllCIO 
•1,03499 
-0.95946 • 
-0,86447 - 
-0.81011 
’tO. 72178 - 
•0.63442 
r0*5A802 - 
•0,46252 
“0.37785 - 
rO. 29412 
•0.21133 - 
•0,12940 
"0.04822 - 
0,03236 
0,11247 - 
0.19223 
' 0.27 i8o - 
0.35126 
" 0 > 43 o 8 l- 
Oi5lo45 
0 t 59o46 
0.67 i3i 

• 0.75330 

0.63661 
0.92141 
I.OO806 
■ 1.o965o -- 
1.10596 
1,27659 - 

1,35386 

'■1.42028 

1.43063 
'l,44ig8 -- 

UPSILON- 
UPSILON 


UpsUON 

C'.844io 

■ 0,64564 
0,64508 

0,64477 

Oj642i8 
e;*30o5 
0:63235 
0;62525 
Oi 59571 
• 0,54246 

0;A926i 
0,44598 
0,Ao24o 
■ 0 : 36 i 69 
-- 0,32364 
0 , 288 i 3 
~ 0,24086 
O Z13i2 
"-0 18071 
0!i5137 
0(12481 
0,10084 

■ 0107934 
0,06015 

- 0 I 04313 
0,02818 

■ 0, 01524 
• 0',00432 
•Oi 00*50 
-Oi 01106 
“0 , Oi5i4 
• 0,01641 
“0,01440 
“0,00®64 

' OI00I26 

O'lOlSBj 

0i03576 
0(06174 
0,09388 
0|1325o 
0,18001 
0,22748 
-0,27020 
0.27259 
-O', 26684 

-0;»4095 
O; 25690 
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NQ .90 

Cfl. QRO StST ib-Oilgltl — Z 8.»ilaM3 — iLJ.0-^5 0JL22 MU_: 0J3 ET A n, 


,ii CliQN .JiO 2 StCLT 1 O N rr 


THORP . 

SlAGQEfi- 


...nMU - u . 

n&KRPO 

1.5331 

• 19.405 


52.696 

AREA 0,037029 

surface 

ARC LENGTH 

3.19952 

s&cx:.ojj..c,.c,. 


ALPHA 

UPS I LON 

STREaHSURFACE 
-atADE-AKlS 

SECTION C.G, 

-0,05633 
0 00000 

0,06742 

0 

STACKING AXIS 

(RADIAL) 

0.'97002 

0. 




PT 

T/C 

u 

ALPHA 

UPS I LON 

-LOWES 

alpha 

UPs'lLON 

”T 

-Z. 

a. 00261 

0 . JJ1261 

-0.69775 
r-Q.69aia_ 

-0.44l6a'^ 

^0.'69775 
- 0 . 6 9716 

-o74416b" 

~ n A AOi. A 

3 

0.00261 
a,-L.0261 

-0.69344 
-0L.69B53 

-0.44031 
- n . 4 3 0 4 9 

.-0,69641 
-n ..49557^ 

— u » H H <: 1 4 

-0.44244 

« n 4 4 9 c; A 

5 

,_ 6 - 

0.00261 

a....'.g 2 .fei 

-0.69842 
-0., 6981? 

-0.43841 
-n . 43777 • 

-0.69450 
- n . 6 9 3 5 

.ii *J\ T C ^ 0 . 

-0.44251 

— ft d 4 ? 0 A 

7 

_£L 

0. 10261 
0.00614 

-0.69764 
^69461 

-0.43601 

_=0^‘l3fl2B 

-0.692U6 
- n . A R A y 

U 4 n “ ^ <10. 

-0,44184 

«ft 4 *^0 X4 

9 

-La. 

O.U09B1 

0.01.2,30 

-0.69207 
-0.6661 P 

-0.42592 

rn . 41771 

-0.6B174 
. •n.AT.T?:^ 

— .ii, *1 w 7 u.*U. 

-0,43686 

* ft 4 ^ 1 4 R 

u 

12 

-ii 

O.C'1643 
0.02258 
n.ii?736 

-0.67013 
-0,63692 
-a.6n?fl9- 

-0.39853 

-0.36224 

_ ,._-n . 39765 

-0.65307 
-0.61398 
-n K7571 

■ U. A.a.u,X.3.y_. 

-0,41709 

-0.38815 

« n *t R 0 7 0 

14 

-15, 

0.j 3136 
n . 13768 

-0.56835 
— -Q..J9ai5_ 

-0.29507 
-n. 93409 

-0.53795 
-p. 46355 

-0.33231 

16 

0.04246 
n . u46Q2 

-0.42686 

-■-0.35471 

-0a 17B62 
-n . 1 

-0.39025 
- n . 31 779 

— — ^ ^ i .CV U £ CL 

-0.23245 

V A ^ R R A 7 

18 

0 . u4865 
n. J5014 

-0,28189 

__ril:.2oB53_ 

-0.08409 
-a. 04464 

-0.24602 
_:0.«,17479_ 

.^._U • XvOau. 

-0.14930 

- 0 , ii37i_ 

20 

-2i. 

0.05001 
a.jL50.19 

-0,13475 
— =a.JL6C6^_ 

-0.01020 
0 01 0 3 6 

-0.10396 
:l0_.o3345_ 

-0.00175 

« n n ^ ^ 1 n 

22 

-21. 

0.;.4923 

0-,. '4,696 

0.01362 

-_!_Oxflaaoi_ 

0.04430 

0.06460 

0.03686 
0 . n 7 (1 4 

. . U. • U 4.^ w X IL 

-0,02751 

•• ft n ft 4 T 4 

24 

0. '1/4385 

lllLlJ.4(il.l 

0.16245 
IU2L367ji 

O.OHOBl 
0 . 09965 

0.17723 
n . 94759 

0,01522 
n . n3?^ft 

26 

_27_ 

0 . U2586 

— _Jlii3.122_ 

0.31090 
Hj_3ii47e_ 

0.10095 

0.10591 

0.31798 
Q , 3 8 B 7 0 

U.W^UU 

0.04644 
p p575n 

28 

_29. 

0*^2638 

0,j^',21.4.9- 

0 .45835 
J)-i 53156 

0.10577 

a. J. 0 27 7 

0.45973 

8.^5311j 

0.06535 

ft . ft 6 0 R 

30 

„31_ 

U . 01600 
n • vl268 

0.60443 
g. 67700 

0.09643 
0 . 8 7 n 3 

0.60284 
Q, 67487 

0,07072 

ft ftA771 

32 

_iA. 

0.01200 
0...0114Q 

0.69149 
D.x2.aS52_ 

0.08484 
p , 06757 

0.68930 

(1 ^ 2037 3_ 

U , U 0 / / X. 

0.06657 

ft ft A ^94 

34 

0.01088 

QaJU016 

0.72046 

0.74175 

0.08023 
n . n 7 A(«;o 

0.71817 
lU 73941 

y 

0,06371 

ft . n A 1 h 4 

36 

_32_ 

0.01016 

6. 010.16 

0.74652 

,0.74222— 

0.07392 
0-Jl676a 

0 .74486 
ft - 74fly:^ 

U » U 0 i U 0 

0,06236 
ft . n 6 7 A fl 

-LI. 

RAD 0.00245 

CENTER AT 

AI PHA -0 . 605QA IIPQIinM 

III i.U. • U w / □ Q . 

• ft 4 Q □ 0 

TE 

RAD 0,00790 

center at 

-n^ i.iin — u-A.M-T..jf-y.W— ... . .AJt w A--W 

alpha 0.74043 UPSILON 

A S V 7 7 7 .i. 

0.06890 
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-EA>L.BmSS. OGV • Nh on 

■CflM D- S YSTSu QqiQlfj — Z 9 .<nn 4 i p ^n, 907^7 hii w ^nnn FTt n 


SEf!TlQM.JjO 5 

’ SECTION PP 

RNO 1 

nHMD . 

■fTifiRPR 

-.♦anu--. 1 1 n □ D 0 

r A M R c: 9 

1,5064 

17,668 

49,469 

ARE* 0,100660 

SURFACE ARC LENGTH 

3.29637 

SgnT.[Q»l C.G, 

ALPHA 

- -n 

UPSJLON 

, n ft t u *1 

STRE*HSUHF*Cc 
BLAi:E_.AXiS 

section C.G. -oioSBBl : 

n noooo 

0,06284 

0 

Stacking axis 

(RADIAL) 0,82057 

0 ' 



SURFArP rnnanruiTcs 

Wrru najCffu 

r QcrT T nw 1 




UPP 

PR 



PT 

T/C 

ALPHA 

UPS I LON 

' ' ^ w • 

alpha 

UPSILON 

1 

-2. 

0< 002B3 
O.IJ']2a3. 

-0,72916 

r.n.779AR 

-0,41867 

^.72918 

-0.41067 

--0, 41924. 

-0,41964 

3 

_4. 

0.U0283 
J1..ILQ2S2 

-0,72992 
-O..J2999 

-0.41706 

-0.72769 

§ 

-6. 

0.00283 
(1.130202- 

-0,72985 
tD. 72948 

-0.41486 
- .-n . 41 *^'5 7 

-0.72550 

- f\ 7 Oil 1 7 

-Q , 41985. 

-.0,41988 

7 

_8. 

0.00203 

_Q..-!iD034 

-0. 72891 
-n.7y6?n 

-0. 41213 

-0.72266 
-0.7l7o5 .. 
-0,71234 

r U , 4 1 7 7 0 

'0.41935 
-0 . 41746 
-0.41532 

9 

-UL 

0,01067 
0..11337 

-0,72335 
-n. 71 71 A 

"0,40?47 

11 

12 

aa. 

0.U17B6 
0. j2456 
CU1Z92I 

-0.70047 
-0.66580 
=U,-63a22 

-0,37564 
-0.34038 
-n , np7i 5 

-0.66231 
"0,64141 
- n A n 1 4 n 

-0,41052 

-0.39739 

-0.37077 

14 

05. 

0.03414 
tU-04106 

-0.59411 
-0,52067 

"0.27556 

“0.56194 

-0,31914 

16 

X". 

0.04630 
„„ — a.l'50 22_ 

“0,44608 
1.0.37,061 

"0.16393 
-0 . 1 1 

-0.40765 
n *^■^1 0 A 

. . 1 „ U 1 C / U 7 U 

-0,22654 

18 

19. 

0 , o53ni 
0.J5.4 78 

-0.29445 
=0.2X778 

-0.07370 
-.0 . n 3 6 n 7 

-0.25696 
"0 16247 

- — “ -"0 .13 593. 
-0.14697 

20 

2X. 

0 .35554 

-0-14069 
=D-a!6325 

-0 .00305’ 

n . 

"0.10640 

■ U • 1 1 ✓ 4 ^ 

■0,oB5o4 

22 

.22. 

0.05333 
Q-.J513J 

0.01443 

0.09227 

0.04907 
n , nftfi.ift 

0.03800 

^ r 11 ? 12 

-0 , 03278 

24 

,25. 

0.04785 
0j-i‘i366 — 

0-17012 

0 .2,4206 

0.08335 
(UIl9,422 

0.18543" 
0 . ySRAS 

0.0.09Q0 

26 

2.L. 

0.33389 
, 0 , 1.133 ig 

0.32536 
0..J.026G 

0.10114 
n . 1 n49S 

0.33249 
n 4 n A 4 .T 

0.03986 

28 

2?. 

0. 02824 
™.a.o2272_ 

0,47946 
0.55590 

0 .10373 
.0.09976 

0,48071 
n . 55537 

' 0, 05696 

3 3- 
31. 

0.01742 
-0./Jl276„_ 

0,63210 
70790- 

0.09259 
, (1- 08756 

0,63041' 

0 . 70*577 

0 , 06500 

32 

,3d_ 

, 0.C1199 
.0.01131 

0.72303 
0-73817 

0 . OB028 
a. n77Q.*^ 

0.72087 
0 73597 

0,06138 

34 

.35_ 

0.01072 
11.00,991 

0.75330 

O-.-770ai 

0.07552 
.. fl n?i R7 

0.75107 

0*05866 

36 

J.2_ 

0,00991 
n. un991 

0,70065 

n...7.a24j 

0.06911 
- n - n A :> fl 9 

0.77904 

' 1 — “ 8 *. 0 j 6 0 7 
0,Q5V41 

XE_ 

HAi) 0...002?4_ 

CPNTPB AT Al PUA -0, 77696 

llPCtinfJ .n A ^ 

TE 

RAD 0,00798 

CENTER at ALPHA 0.77452 

UPSILON 

0,06399 



_aYRA?S_Q£LSL_ 


maao-S-Y ST &ti_aa liii-y - i 
_._SEcT,lQN xy__.6,_ 


Mb 90 


— R- 1 0 ^941727- 
SECTION™. FE 



cuaao 

STAGGER 


CAKBER 


1 . 616 S 

16,949 


48.231 


area ' 0,114133 

SURFACE 

arc length 

3,35303 


SF.ci±an_c ■ r . , 


alpha 

*f) HAAnn 

UPSILON 

.n nAonA 


STHtAMSURFACE 
Bi AEE AX1-; 

section C.G, 

■0,06193 

0 . Qonno 

— U -«-Airi d' II M ■_ 
.0,06106 

0 . 


STACKING AXIS 

(RADIAL) 

0.67112 

0. 



■S U RF A CE . CO P R n ; fUJ£S_mH-flRlom..AJ_S£CI L ON. AXIS 




UPPER .. 

LDKEE 


PT 

T/C 

ALPHA 

UPSILON 

ALPHA 

UPSILON 

1 

_Z 

0 . 00311 

-0 ,74552 
-0..746Q.4- 

-0. *10882 
- n 4 p 7Q7 

-0.74552 

-0.40882 

3 

0 .00311 

O^aJll 

-0.74635 

- n . 7 a 3 

*0.4069y 

70,74382 

-0.40996 

5 

—A. 

0-C0311 

-0.74627 
-0 L745az_ 

-0.40443 

-0.74132 

■"0. 41027- 

-0.41036 

7 

_a. 

0> 00311 

a-L09Ja 

-0.74524 
— =JL-3U27J_ 

-0*40131 

• p ’iOAJA 

-0.73BU6 

- 0 7 ^ OttA 

rO • 4102-4, 
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APPENDIX E. FAN EXHAUST DUCT FLOWPATH 
COORDINATES. 
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FAN EXHAUST DUCT FLOWPATH COORDINATES 


Fan Duct 
Outer Wall 


Fan Duct 
Inner Wall 


Splitter 
Outer Wall 


Splitter 
Inner Wall 


Axial 


Axial 


Axial 


Axial 


Distance 

Radius 

Distance 

Radius 

Distance Radius 

Distance 

Radius 

265 . 10 

43.82 

265 . 10 

27.19 

281.94 

36.60 

281.94 

36.60 

303.86 

51.37 

284.48 

27.19 

282.06 

36.81 

282.07 

36.42 

321.77 

53.28 

288.45 

27.24 

282.13 

36.86 

282.13 

36.39 

326.39 

53.34 

293.75 

27 . 49 

282.57 

37.07 

282.25 

36.35 

355.6 

53.34 

299.04 

27.93 

283.20 

37.31 

282.57 

36.30 

370.84 

52.32 

304.33 

28.50 

283.82 

37.52 

283.20 

36.25 

386.08 

49.54 

309.62 

29,08 

284.45 

37.71 

283.82 

36.22 

393.7 

47.50 

314.78 

29.63 

285.71 

38.04 

284.45 

36.21 

432.08 

34.29 

320.21 

30.17 

286.97 

38.35 

285,71 

36.23 


(TO/CRf 

326.82 

30.47 

288.29 

38.61 

286 . 97 

36.28 


36.83 

359.90 

30.47 

316.18 

42.58 

288.29 

36.40 


(P.Cutf* 

365 . 20 

30.22 

321.26 

42.94 

316.18 

40.37 


39.37 

370.49 

29.75 

359.41 

42.94 

321.26 

40.73 


(App.) 

375.78 

29.23 

368.3 

41.02 

359.41 

40.73 



381.07 

28.64 



368.30 

41.02 



386.37 

27.97 





* Takeoft /Cruise 

392.98 

27.06 





** Power Cut 

396,95 

26.47 

Note: 

Dimensions 

are given in 


Approach 


402.24 

25.60 


centimeters 

. See Figure 

30 



407.54 

24.58 


for axial distance reference 



412.83 

23.45 


location. 





418,12 

22.23 







423.42 

20.79 







430.03 

18.44 
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APPENDIX P 


LIST OF SYMBOLS AND NOMEN CLATITRE 


Symbol 

A 

C 

Cf 

D or 
D-Factor 


d 

DH 

DRG 

dx 

f 

F j 
sep’* 

± 

L 

L/Dp 

M 

N 

n 


Description 


B 


N; 

P 

q 


R or r 
R1,R2,R3. . , 
Y 

SI, S2, S3. 
SL 


Area 

Blade Chord 

Skin Friction Coefficient = ”^w/q 
Diffusion Factor; 

D 


1 + ('2 ''62 - -'l '' 6 i >/(2 ’ 

“stator = + <'1 ''®1 " >^2 

Diameter 

Hydraulic Diameter = 4A/Wetted Perimeter 
Body Friction Drag 
Incremental Inlet Length 
Friction Factor 

Separation Parameter (See Reference 11) 
Incidence Angle 
Length (Inlet) 

Ratio of Inlet Length vs Fan Diameter 

Mach Number 

Engine Speed 

Power Law Exponent 

Number of Blades or Vanes 

Pressure 

Dynamic Pressure (Total Pressure - Static 
Pressure ^ Ihcompresslble), 

Radius 

Rotor 1, Rotor 2, Rotor 3 etc Respectively 
Mean Radius 

Stator 1, Stator 2, Stator 3 etc Respec- 
tively 

Streamline 
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KEPRODOCIBILrry OP THE 
ORIGCNAL PAGE K POOR 


Units 

2 2 
m or cm 

cm 

r 0 vp 

T 0 vp 

m 

cm 

N 

cm 

degrees 

m 

rpm 

N/m^ 

N/m^ 

cm 

cm 

■i 


LIST OF SYMBOLS AND NOMENCLATURE (Continaed) 


Symbol 

Description 

Units 

T 

Temperature 

° K 

t 

Thickness CBlade) 

Cm 

U 

Rotor Speed 

m/ sec 

V 

Velocity 

m/ sec 

w 

Airflow 

kg/sec 

z 

Axial Distance 

cm 

6 

Flow Angle 

degrees 

Y 

Specific Heat Ratio 

- 

5 

Pressure Correction CH'j/5422) 

- 

S° 

Deviation Angle 

degrees 


Inlet Recovery (PT]_/^Tco^ 

- 

e 

Temperature Correction (T.j.^/518 .67) 

- 

8° 

Equivalent Conical Diffusion Angle: 

0° = tan-1 [(R2 “ 

degrees 

A 

Effective Area Coefficient: 
i^ef f ective^i^^hysical 

— 

y 

Angle of Tilt in the Axial Direction from 
a Radial Line 

degrees 

p 

Air Density 

kg/m^ 

Pr 

Dimension along Axis Tilted in the Axial 
Direction from a Radial Line 

cm 

a 

Solidity 

- 


Shear Stress 

N/m^ 

iP 

Percent Flow 

- 

tii 

Total Pressure Losis Coefficient: 
(PT2 - p V^) 

_ 
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LIST OF SYMBOLS AND NOMENCLi^JURE (Concluded) 


Subscripts 

amb 

AVG 

BYP 

F 

1 

m or max 
r 

S or s 
T 

TH 

Z 

e 

00 

0 

1 

2 

28 

Superscripts 

* 

' (Prime) 


Ambient Condition 

Average Value Based on a Mass-Weighted Technique 

Bypass or Fan Exit 

Fan 

Cascade Inlet Capture 

Maximum 

Radial 

Static Condition 

Total 

Throat 

Axial Direction 
Tangential Direction 
Free Stream 

Total or Stagnation Conditions 
Entrance Station 
Exit Station 
Fan Duct Exit 


S* - Metal Anglu 
A* - Area at Mach 1.0 
Relative Property 
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Figure 3, Fan Rotor Diffusion Factor and Loss Coefficient Radial 
Distributions, 
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Figure 10. Fan Rotor Intrablade Energy Distribution Assumptions 
Along Streamlines. 
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Figure 11. Fan and Booster Flowpath Effective Area Coefficients 
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Figure 12. Fan Rotor Relative Mach Number 
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Figure 19. Fan Rotor Blade Surface Mach Numbers Along a Streamline Near the Tip (SL2) from 


Blade- to-Blade Analysis. 
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Figure 20. Fan Rotor Blade Surface Mach Numbers Along a Streamline Near the Pitch (SL6) from 
Blade- to-Blade Analysis. 
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Figure 24. Advanced Technology Fan Inlet Flowpath, 
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Fan Inlet Area Distribution. 
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Figure 28. Fan Inlet Separation Analysis Based on an Equivalent Conical Diffuser. 
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Figure 29. Estimated Pressure and Temperature Radial Profiles Entering the 
Fan Exit Duct at Four Operating Points. 
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Figure 30. Advanced Technology Fan Exit Duct Flowpath. 
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Figure 31 . Fan Exit Duct Design Analysis at Crui 
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(b) Surface Static Pressure Distribution 
Figure 32, Fan Exit Duct Design Analysis at 
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(a) Surface Macli Number Distribution 


Figure 33 . Fan Exit Duct Design Analysis at 
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Figure 34. Fan Exit Duct Design Analysi 
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(b) Surface Static Pressure Distribution 

Figure 34. Fan Exit Duct Design Analysis at Approach 
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(c) Streamlines for Potential Flow-Field Solution 


Figure 34. Fan Exit Duct Design Analysis at Approach Point Operation (Continued) 
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(d) Separation Parameter - Modified Stratford, See ] 


Figure 34. Fan Exit Duct Design Analysis at Approach 






